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ABSTRACT
SUPPLEMENTAL INSTRUCTION:
SUPPORTING PERSISTENCE IN BARRIER COURSES
SEPTEMBER 2007
SUSAN B. BRONSTEIN, B.A., UNIVERSITY OF MASSACHUSETTS AMHERST
M.ED., NORTHEASTERN UNIVERSITY
Ed.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Mary Deane Sorcinelli

The purpose of this single-case descriptive study was to explore student and
instructor perceptions of Supplemental Instruction (SI) in an upper-level chemistry course
(Physical Chemistry). The course has a reputation for being particularly challenging, an
academic hurdle or barrier for students in the science, mathematics and engineering
(SME) disciplines. This study provided an opportunity to better understand why students
in an advanced “barrier” course participate in SI, and why SI is perceived as an effective
resource in upper-level courses. Determining the perceived benefit of SI as a way to
overcome these barriers may positively contribute to persistence.
In designing this study, the researcher sought to answer two primary questions:
(1) Why do students in Physical Chemistry participate in SI; and (2) is SI an effective
strategy supporting persistence in SME majors? These questions were explored through
a case study methodology that included a focus group, one-on-one interviews with
instructors and six enrolled students, document review and class and SI statistics.
Findings indicated four major factors that related to students’ participation in these SI
sessions: 1) anxiety about the course initiated by the reputation of this difficult required
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course; 2) the course content, complicated by the use of mathematics and composition of
the subject matter; 3) characteristics of enrolled students; and 4) nature and benefit of
academic resources. The combination of course anxiety and a required course with
difficult content generates the cycle of an academic barrier.
Results also suggested several interrelated conclusions about the value of SI as an
academic resource. SI seemed to reduce anxiety, and supported students’ learning. A
comparison of course grades before and since the inclusion of SI in Physical Chemistry
demonstrated a statistically significant increase in higher grades. This combination of
academic success and positive social experiences suggests that SI is a valuable resource
for overcoming academic barriers and positively contributing to student persistence.
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CHAPTER 1
PROBLEM STATEMENT
Although the number of students enrolling in higher education has increased over
the last 30 years - the percentage of students who are retained through graduation has
not. According to the Division of Science Resources Statistics of the National Science
Foundation “trends in bachelor’s degrees over the past 20 years...in engineering, physical
sciences, and mathematics generally dropped or flattened out, especially since the mid1990’s” (Science and Engineering Indicators 2006). During the 2002 - 03 academic year
7,305,000 students matriculated into 4-year institutions of higher education; 1,348,503
received bachelor’s degrees at the conclusion of that academic year ("The 2005-06
Almanac," 2005-6). Simply stated - approximately one-fifth, or 20 per cent, of
matriculated college students graduate in four years. Slightly more than half complete
their degrees in six years, however, after six years the number of graduating students
increases very slightly. The remaining students, approximately 40% of the initial cohort,
do not receive their bachelors’ degree. This disconnect, between the number of students
entering higher education and those staying through degree completion, is a continual
matter of concern. Providing undergraduate students academic resources that support
academic achievement of the baccalaureate degree was the impetus for this study.
The variety of factors that influence a student’s decision to stay in school cannot
be underestimated and will continue to be the subject of significant consideration at
institutions of higher education for the foreseeable future. The retention of undergraduate
students has been the focus of study and consideration for thirty-plus years (Astin, 1975;
Moxley, Najor-Durack, & Dumbrigue, 2001; Seidman, 2005; Volkwein, 1995). Further,
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the literature on student retention has considered the implications of institutional choice
and the students’ comfort at their chosen institution, students’ involvement in academic
and social activities, and students’ perception of the value of a college degree coupled
with the financial demand of college attendance. Research has also explored the
significance of race, gender and socioeconomic background as they relate to enrollment
to degree completion success (Astin, 1975, 1984; Bean, 1980, 1983; Ford, 1996; Milem
& Berger, 1997; Panos & Astin, 1968; Pascarella, 1986; Seidman, 2005; Tinto, 1975,
1982, 1988). The focus of this paper is academic barriers to completion, specifically
those courses that interfere with a student’s successful continuation in his or her wellchosen major - the barrier courses.
Thirty years ago Astin’s (1975) seminal study researching retention in college
found that “...many undergraduate institutions fail to capture the interest of substantial
numbers of students, including some of the highest achievers” and that “...if ways can be
found to involve students more in the life and environment of the institution, their
chances of staying in college are improved...” (Astin, p. 148). According to Astin (1975,
1984) and others (Milem & Berger, 1997; Tinto, 1988) there is ample evidence
suggesting that providing students with activities that include academic as well as social
interactions enhances retention. A compounding issue is persistence. “The words
persistence and retention are often used interchangeably. The National Center for
Education Statistics, however, differentiates the terms by using retention as an
institutional measure and persistence as a student measure. In other words, institutions
retain and students persist” (Hagedom, 2005, p. 92).

A variety of actions to enhance retention have been initiated at an increasing
number of colleges and universities such as first year seminars, cluster courses and
living-learning communities. The preponderance of these programs addresses the needs
of first year students (Markham, 1996; Tinto, 2005). Frequently such programs are
aimed at helping students learn how to become more successful students. One such
program is known as Supplemental Instruction (SI). SI is an academic support program
that combines academic and group activity by providing peer support in the courses that
many students find difficult. SI sessions are regularly scheduled reviews that focus on
recent course content and include discussions of time management, study skills, and note
and test taking strategies. The University of Missouri Kansas City, original home and
current international center for SI, lists 135 colleges and universities in the United States
that offer SI programs. A review of many of these sites indicates that many SI program
are remedial and directed toward first year courses and students considered ‘at risk’
(http://www.umkc.edu/cad/si).
While these programs are certainly important (Ford, 1996), it is equally important
to consider that there may be academic barriers all along the undergraduate continuum,
from introductory to advanced courses. The researcher and author of this dissertation is
the director of an academic support center that provides the setting for this study. An
effort to improve the program and provide effective academic resources to upper level as
well as lower division students led to the initial query that initiated this study.
This dissertation is an examination of the perceived effectiveness of SI in an
upper-level chemistry course. This is a course that is reported by both students and
professors to be an academic barrier; it is required for science majors at a land grant
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flagship doctoral/research extensive institution (Carnegie Foundation for the
Advancement of Teaching, 2000).

Specifically, the purpose of this study is to determine

if students perceive SI as an effective strategy supporting persistence.
The first chapter provides an overview of the issues pertaining to undergraduate
retention, including a discussion of academic barriers. It considers the specific barriers
for students in the SME disciplines. It also outlines the focus of this study - the
effectiveness of SI in promoting academic success in an upper-level science barrier
course (Physical Chemistry) - including the purpose and significance of this research.
Chapter Two reviews the theoretical framework for this study, informed by literature
regarding retention, with a particular focus on persistence and SI. The research
methodology of this study is the subject of Chapter Three and includes a discussion of
case study methodology, data sources and collection, and analysis. Chapter Four presents
the case study report including a description of the results and a discussion of the
analysis. Chapter Five concludes with a summary of this study and a discussion of the
recommendations and suggestions for future research resulting from the findings.

Persistence in SME Disciplines
Persistence in a discipline choice consistent with a student’s skills and interests is
particularly problematic in science, mathematics and engineering (SME).

Students tend

to leave SME majors because they find other majors more attractive once they are
matriculated university students or because they find the work ‘too difficult’.
The American Freshman surveys, and [by 1991] the U.S. Census data clarified
that potential graduates in science, mathematics and engineering were lost in the
transition from high school to college by undergraduate switching into non- SME

majors, and by declining enrollment in advanced SME degrees (Seymour &
Hewitt, 1997, p. 9).
A discussion paper issued by the National Academy of Sciences in 1987
concluded that “...during the college years, more attention should be paid to preventing
migration out of science” (1997, p. 29) and that 50% of entering college students left the
SME disciplines; by graduation only 35% of those students who enrolled in these majors
completed their degrees in science, mathematics or engineering (Sciences, 1987; Green,
1989). A recent comprehensive report supported by the National Academies entitled
Rising Above the Gathering Storm stated:

The undergraduate years have a profound influence on career direction, and they
can provide a springboard for students who choose to major and then pursue
graduate work in science, mathematics, and engineering. However, many more
undergraduates express an interest in science, mathematics, and engineering then
eventually complete bachelor’s degrees in those fields (Century, 2007, p. 166).
According to a recent article in the Springfield Republican “the United States
ranks 25th of 41 developed nations in math literacy, problem solving, [and] analysis”
(Wilson & Wilson, 2005).
Not only do the sciences have the highest defection rates of any undergraduate
major, they also have the lowest rates of recruitment from any other major. In
short, science departments lose a huge proportion of their potential clients-the
academically-able and intellectually-motivated students who enter college with a
genuine interest in studying science (Green, 1989, p. 478).
There are a variety of reasons that students leave higher education generally and
the SME disciplines in particular. A 1996 report on undergraduate education, prepared
by an advisory committee to the National Science Foundation, determined that
introductory SME courses were often perceived as academic barriers. Although the
students’ most frequent complaint was the disconnect between lecture material and the
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associated required laboratory work (Seymour, 1997), the report explored other barriers
that emerged from data collected by the advisory committee through interview and
survey. Seymour and Hewitt (1997), in their three-year study to

. .discover, and to

establish the relative importance of the factors with greatest bearing upon the decisions of
undergraduates at four-year colleges and universities to switch from science, mathematics
and engineering majors” (p. 13), address the issue of ‘the weed-out tradition.’ According
to these authors
’weed-out’ is a long-established tradition in a number of academic disciplines, but
it is dominant in all SME majors—’Weed-out’ strategies are perceived as a test
for both ability and character and are the main mechanism by which SME
disciplines seek to find those students presumed to be the most able and interested
(Seymour & Hewitt, p. 123).
This explanation of weed-out strategies approaches the definition of barrier courses used
here. That is, while these strategies are understood by faculty to be intentional challenges
to assure the desired student body; barrier courses, as defined here, are challenges that
students perceive of course work that is important and difficult (Seymour & Hewitt,
1997).

Literature and research on the effect of barrier/weed out courses on

undergraduate persistence is extremely limited; deans and other academic leaders rarely
address it. However, students and teaching faculty are clear about the characteristics that
define courses that fall in this category. These courses are generally considered
important and difficult.

Purpose of this Study
This study was undertaken in order to determine if SI is viewed as an effective
strategy to support persistence in SME majors in a perceived barrier course required of

6

science majors at a public doctoral/research extensive flagship university, referred to here
as Flagship State University or simply FSU). “Although substantial gains are apparently
being made in retention during the first two years of college, there are also critical
challenges related to persistence to degree completion” (St. John, 2006, p. 101).

The

Summer 2006 volume of the New Directions for Institutional Research: Reframing
Persistence Research to Improve Academic Success (St. John & Wilkerson, 2006)
suggests that programs to support persistence are needed, especially initiatives that
address campus specific needs and are assessed for their value.
Students’ lack of persistence in their chosen field of study has a variety of
personal, institutional and in some cases national implications, as previously noted.
Persistence in a student’s well-chosen major is indicated by academic success; courses
known to interrupt this success are referred to here as barrier courses. The contribution
of SI to student success, particularly in barrier courses, may be a proactive intervention
that is effective in reducing attrition rates and supporting persistence.
A case study methodology was employed to explore the students’ perception of SI
in Physical Chemistry (PC4). This is a course that is well known among students for its
difficulty. Course content includes an “introduction to modem quantum chemistry and
wave mechanics, atomic and molecular structure and spectroscopy [and] introduction to
the laws controlling equilibrium and kinetic properties of macroscopic chemical systems,
using thermodynamics and statistical mechanics” (University of Massachusetts Amherst
Course Catalog, 2005). It is required for Biochemistry and Molecular Biology, Chemical
Engineering and Chemistry; students must have completed an upper level mathematics
course, with a working knowledge of partial differentiation, and a physics course, with a
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working knowledge of heat, kinetic theory and the first and second laws of
thermodynamics. The course instructors agreed that this is a course that is it is a major
hurdle for the students required to take it.
Specifically this study asks - is SI perceived as an resource in a course that is
important for continued enrollment in a science major and has a long-standing reputation
as a course that is difficult to pass?

Significance of the Study
Exploring perceptions of the effectiveness of SI in upper level curses is significant
for several reasons. First, at a national level, there has been a vocal call for greater
persistence and retention in the SME disciplines. The Committee on Prospering in the
Global Economy of the 21st Century and the Committee on Science, Engineering, and
Public Policy reported
There is concern that, in general, our undergraduates are not keeping up with
those in other nations. The United States has increased the proportion of its
college-age population earning first university degrees in the natural sciences and
engineering over the last quarter-century, but it has still lost ground, now ranking
20th globally on this indicator (2007, p. 163).
Based on these statistics from the National Science Board (2004), the Committees also
reported a need for achieving undergraduates to participate in graduate education where
enrollment has declined as well.
Indeed, the challenges for competent students who begin college with an interest
in an SME discipline and who fail to succeed through to completion are at least as
significant as the national concern over the lack of achieving students who persist
through graduation in these fields.

Evidence of declining scientific literacy in the population, and of reduced
numbers of S.M. E. graduates available for research, development, or teaching,
has also generated expressions of concern that America’s international
competitiveness in the science and technology-dependent sectors of the U. S.
economy would be undermined as a consequence of these trends (Seymour &
Hewitt, 1997, p. 4).
Studies have demonstrated that these disciplines lose a high percentage of competent
university students (Green, 1989; White, 1992). Considering the number of students who
fail to persist in their chosen SME major and the national interest in increasing the
number of achieving students in these fields, SI offered as support for upper-level barrier
courses may be an effective strategy in reversing this trend.
Second, at the institutional level, this study provides an opportunity to understand
students’ perceptions of a program that has the potential for improving the rate of
persistence in SME disciplines. It is also hoped that this study will promote an increased
understanding of academic barriers coupled with effective strategies for providing
support in difficult but required (and important) courses.
At Flagship State University (FSU), the setting for this study, students and
professors in several of the SME disciplines were asked what they considered the
‘barrier’ courses in their disciplines. The lists provided by the two groups were identical
and identified four to six upper-level courses in each major. As a result SI was offered on
a trial basis in several of these courses. A casual glance at the numbers of students who
participated in the SI program when it was offered in these several so-called barrier
courses suggested that students perceive SI as beneficial resource or even, perhaps, an
effective strategy for success in those courses. An investigation into this perception
could provide valuable information for academic programs that wish to positively
influence the graduation rate of SME students.
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Definition of Terms
The following definitions will be used throughout this study:
Barrier course = a course that students’ perceive as important and difficult and, as
a result, this perception can interfere with a student’s academic progress.
Persistence = a student’s intention and accomplishment resulting in continuation
in higher education through degree completion (Berger & Lyon, 2005).
Retention = the ability of an institution to keep a student from enrollment through
degree completion (Berger & Lyon, 2005).
Supplemental Instruction = an academic support program that provides regularlyscheduled peer led review sessions.
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CHAPTER 2
THEORETICAL FRAMEWORK
Why students leave colleges and universities has been a question for educators
and higher education administrators for at least 30 years. A review of the retention
literature will help frame this case study. The review will focus on the body of work
regarding keeping students in institutions of higher education in general and in their
chosen major in particular. “[A]s the study of retention has developed, so too has
awareness that each institution must tailor retention to fit the specific needs of its students
and the context of that particular institutional environment” (Berger & Lyon, 2005, p. 3).
A review of literature pertaining to Supplemental Instruction (SI) will further
provide the framework for this study. SI was developed in 1970 to address the need to
retain more students at one institution (Widmar, 1994). This program has evolved and,
according to the current list of colleges and universities linked to the International Center
for Supplemental Instruction at the University of Missouri-Kansas City, is now available
at a variety of higher educational institutions in 35 states and 7 additional countries
(www.umkc.edu/cad/si). A review of this material will further provide the background
for this investigation in to the perceived effectiveness of this academic resource in
supporting students’ persistence in their chosen discipline, specifically in a science major.

Retention Literature
Educators and higher education administrators have long investigated why
students fail to complete their undergraduate education. Alexander Astin and Vincent
Tinto are often cited as the “grandfathers” of this question; in the 1970s they initiated a
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legacy of publications supporting, rejecting or spinning off of their initial queries into the
various reasons students fail to complete their undergraduate programs.
A report reviewing retention efforts at various colleges and universities by
Volkwein states that
the most complete and integrated model of college student persistence is the
scholarship [of] Alberto Cabrera, Maria Castaneda, and their colleague Amaury
Nora who have merged and elaborated upon the work of Alexander Astin, John
Bean, Ernest Pascarella, Patrick Terenzini, Vincent Tinto, and other leading
scholars (Volkwein, 1995, p. 4).
Because these aforementioned scholars are the most frequently cited in the retention
literature they will be the focus of this review.
Alexander Astin’s studies of why students persist in higher education ultimately
led him to the conclusion that the choice to stay in higher education through graduation is
directly related to the student’s degree of involvement (Astin, 1968, 1975, 1984).
JTl
rj

Defined as the “amount of physical and psychological energy that the student devotes to
the academic experience” (Astin, 1984, p. 297) this involvement is not related to how the
'!

individual feels but rather what he or she does. Engaging a student in a classroom
discussion may not be as important as the amount of time the student devotes to an
understanding of the material or the completion of tasks relating to coursework (Milem &
Berger, 1997).
Astin further contends that this involvement can happen in varying degrees and
includes both the quantity and quality of the student’s personal and academic
development. “According to the theory, the extent to which students can achieve
particular developmental goals is a direct function of the time and effort they devote to
activities designed to produce these gains” (Astin, 1975, p. 301). Astin concluded that
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good grades coupled with student involvement in the academic and social life of the
institution was positively related to continued enrollment. In view of that, Astin stated
that “the strong relationship between academic performance and persistence is also, in a
sense, additional support for this theory, given the assumption that getting good grades is
a sign of student involvement in the academic life and environment of the institution”
(Astin, 1975, p. 75).
John Bean (1980, 1983) researched student retention in higher education from the
perspective of turnover in work organizations. He proposed to “.. .describe the industrial
model of student attrition ... [and]...to estimate the model, and to identify the relative
importance of the different variables” (Bean, 1983, p. 130). Student satisfaction was
compared to job satisfaction and intent to leave was considered in place of intent to stay;
student development, particularly pertaining to skills such as problem-solving and
interpersonal skills, was related to the extrinsic rewards of employees. Bean concluded
that “...although initially useful as an organizing concept, the industrial model is not
sufficient to explain the dropout process” (1983, p. 146) relative to students in higher
education.
Bean’s later work focused on a psychological model of retention. His stated
“assumption in developing this model [was] that the factor in question, leaving college, is
a behavior and that behavior is psychologically motivated” (Bean & Eaton, 2000, p. 49).
Bean and Eaton considered four basic psychological theories of behavior: attitudebehavior theory; coping behavior theory; self-efficacy theory and attribution theory.
Their assessment of the amalgamation of these theories led them to propose that when
students arrive at an institution their characteristics such as positive self-efficacy, dealing
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with stress and strategies for controlling their environment were already shaped by past
experiences.
All of these initial characteristics will be affected by the filter of the institutional
environment. Students will react to new academic and social interactions. These
reactions will be based partly on their past experiences and partly on how
successful they are in choosing strategies to negotiate in their new environment
(Bean & Eaton, 2000, p. 56).
Their research examining these psychological theories provides support for Tinto’s model
of student integration.
Vincent Tinto attempted to develop “...a theoretical model that explains the
processes of interaction between the individual and the institution that lead differing

According to Tinto’s analysis the increased probability that a student will leave college is

g/ggyga

individuals to drop out from institutions of higher education” (Tinto, 1975, p. 90).

positively related to a diminished integration in the social system. Further, he theorized
that a student’s perception of the value of college completion coupled with his
I

‘intellectual development’ is critical in the consideration of why students stay (or leave)
their college or university. He stated that “insufficient integration may arise from either
insufficient intellectual development or insufficient congruency between the intellectual
development of the individual and the normative climate of the academic system” (Tinto,
1975, p. 106).
Of particular relevance here is the implication of students’ perceptions of
academic barriers that inhibit this sense of congruency between the individual and their
academic achievement. Tinto’s contention that the first six weeks of a semester are
qualitatively different for a student than the last six weeks supports the need for students
to connect with their environment academically as well as socially throughout a semester.
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He suggested that transitioning from one phase of the semester to the next often poses
difficulty for students. Tinto’s later research (1997) “speaks...of classrooms as smaller
communities of learning which are located at the very heart of the broader academic
community of the college” (Tinto, 1997, p. 616). Opportunities for students to engage in
activities that provide a combination of academic and social experiences in connection
with course activities positively influence their decision to stay in college; “membership
in the community of the classroom provides important linkages to membership in
communities external to the classroom” (p. 616).
Although there has been much support for Tinto’s model, based predominately on
“the concept of person-environment fit” (Pascarella, 1986, p. 100), interest in finding
inter-institution consistency in factors supporting student retention have led investigators
to continue exploring the critical factors that relate to undergraduate persistence in higher
education through to graduation (Pascarella & Terenzini, 1977; Pascarella, 1986).
Pascarella questioned whether there are unique factors supporting retention at different
institutions. Accordingly he suggested that “the most effective efforts toward student
retention most likely will evolve from a coordinated program of ongoing research, policy
development and evaluation that involves key personnel throughout the institution”
(Pascarella, 1986, p. 101). He recommended a research program to assist in the
development of an effective retention policy at the institutional level suggesting “...that
institutions can benefit by formulating effective interventions to increase student
retention and by developing their own programs of ongoing research on student life”
(1986, p. 106).
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Stoecker, Pascarella and Wolfe followed-this suggestion by “...tracing student
persistence-withdrawal behavior in a national sample during a 9-year period for 19711980” (Stoecker, Pascarella et al,. 1988, p. 197). Their well-documented study generally
supported Tinto’s finding of the importance of “personal-environment fit” (p. 205). It is
the “academic and social integration [that] were the most important collegiate
determinants of persistence” (p. 208). Because the data reported had been previously
collected for other investigations, the relationships reported can, in fact, only be implied.
In spite of this limitation their 9-year multi-institutional study supported Tinto’s findings
that students’ academic and social integration are the most important determinants in
persistence in higher education. Coupling this suggestion with Pascarella’s
recommendation for program development based on campus-specific findings provides
support for the value of this proposed research of a peer-led academic support program.
These above noted theories of student retention have been compared, contrasted,
integrated and revised. Cabrera, Castaneda, Nora and Hengstler (1992) evaluated Tinto’s
model of student integration and Bean’s of student departure to “...document the extent
to which the two theories could be merged to illuminate better our understanding of the
college persistence process” (Cabrera, Castaneda et al. 1992, p. 143). How students
interact with their environment was considered a critical factor in undergraduate
persistence in both theories as was the match between the student and their environment
(Tinto, 1975, 1987, 1988; Bean, 1980, 1983; Cabrera, Castaneda et al. 1992). Cabrera,
Nora, et. al.(1993), further found “that when these two theories were merged into one
integrated model, a more comprehensive understanding of the complex interplay among
individual, environmental, and institutional factors was achieved” (p. 135). Berger and
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Milem (1997) found that social interactions with peers and faculty were most effective
when they occurred both in and out of the classroom; not only was a college student’s
academic and social involvement in their institution critical in their persistence in school
but that “the extent to which students become involved during their first 6 to 7 weeks of a
semester are significantly related to whether they are likely to persist at the institution”
(Milem & Berger, 1997, p. 398). The significance of all these studies support the notion
that making college more comfortable for students and addressing their academic and
social needs is critical in keeping them in school. Programs that can address both aspects
in a positive way will certainly provide the opportunities students need to achieve.
A recent contribution to the literature on retention is the edited volume College
Student Retention (Seidman, 2005). Tinto’s concluding chapter states that institutions
that foster, by both attitude and action, student success are more likely to retain
undergraduate students. “The key concept is that of educational community and the
capacity of institutions to establish educational communities that involved all students as
equal members” (Tinto, 2005, p. 327). Providing academic resources that promote
opportunities for students to learn from each other seems to be an effective strategy to
encourage community. There is every indication that this type of strategy will positively
influence the retention of undergraduate students.
This book offers a comprehensive review of retention and brings definition to the
many terms and issues on this topic. Of particular interest here are the terms retention
and persistence. Often used interchangeably Berger and Lyon clearly delineate between
the two:
Retention - refers to the ability of an institution to retain a student from admission
to the university through graduation.
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Persistence - refers to the desire and action of a student to stay within the system
of higher education from beginning year through degree completion (Berger &
Lyon, 2005, p. 7).
These terms will be used accordingly throughout.
Joseph Hermanowicz’s study entitled College Attrition at American Research
Universities (2003) reminds us that there are many varied reasons for students leaving
colleges and universities. In spite of the variety and personal nature of many decisions
two emerge repeatedly: finances; and academic difficulty. “Students in greater
proportions report these as motivations for their withdrawals” (2003, p. 91). While
finances are beyond the scope of this study, an effort to develop a program that can
address students’ academic needs and diminish academic difficulty may contribute
positively to improved retention. The focus here, therefore, is consideration of an
academic resource that supports students’ persistence in their chosen major.

Supplemental Instruction Literature
History of Supplemental Instruction
SI is a relatively well-defined academic support program. Its goal is to help
students in difficult classes to learn course content as well as study strategies.
Academically achieving students are trained to lead review sessions for students in a
specific course section, throughout the semester. SI was initially established at the
University of Missouri at Kansas City (UMKC) in 1973 to address increasing student
attrition. According to a recent overview of SI by UMKC this program is now used at
colleges and universities across the nation and as well as in Australia, Canada, Denmark,

Egypt, Malaysia, Marshall Islands, Mexico, New Zealand, Puerto Rico, South Africa,
Sweden, United Kingdom and the West Indies.
SI grew directly out of one campus’s concern about a dramatic decline in student
retention. Prior to 1963, the University of Kansas City (UKC) was a small, private
university; admittance was limited to the top 20% of high school graduates. The
University of Missouri (UM), also in Kansas City, attracted students from the urban
centers of the state. By the mid-1960’s UKC was partnering with the independent
professional schools of law, dentistry, and pharmacy and a music conservatory. In 1963
these disparate institutions became what is now known as the University of MissouriKansas City (UMKC). The merger of these institutions changed the composition of the
student body; the university was no longer comprised of only the top 20% of high school
graduates but rather became much more culturally and academically diverse student
body. “Predictably, the first disturbing aftermath of the transition was a high attrition rate
that rose from 20 to 45 percent among entering students” (Widmar, 1994, p. 4).

Gary

Widmar’s unique perspective as vice chancellor for student affairs and a member of the
faculty at UMKC from the 1960-90s, throughout the merger of the two institutions,
provides system-wide as well as program specific insight. His article explaining the
origins of SI is perhaps the most clear and explicit.
Widmar notes that the increasing rate of attrition became a focal point soon after
the merger and a variety of committees and plans were generated over the next several
years; what was produced was neither acceptable to all stakeholders nor effective in
reversing the growing attrition. Eventually a small grant of $7,000 became available to
Widmar to support the development of a pilot academic support service. The
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“administration required a program that was cost effective, measurable through tight
evaluations, and acceptable to the faculty.. .faculty wanted a program that had a nonremedial image, required no extra work on their part, and promoted independent
learning” (Widmar, 1994, p. 6).
Deanna Martin, a graduate student in reading education and an instructor of a
reading and study skills course for first year university students, was staff support for the
retention committee. She was assigned the task of surveying learning center directors at
colleges and universities across the country about their activities aimed at improving the
retention of undergraduate students. The goal was to determine the most effective
strategies and incorporate them in a program that would be acceptable to university
administrators, faculty and students.
The grant provided the support necessary for Martin to integrate her survey
findings of effective strategies that incorporated study skills within the context of course
content along with her knowledge of learning theory; these became the grounding
elements in the development of SI. In 1970 a pilot SI program was implemented in the
UMKC School of Dentistry. The goal of this program was to “reduce attrition without
lowering academic standards or inflating grades” (Widmar, 1994, p. 5). Beginning the
program in the health sciences was fortuitous since it attracted the best and brightest
students at UMKC. “This fact, paired with the success of SI both in retaining our target
population and improving academic performance across the board” (p. 6) allowed
Widmar to promote SI across the institution. UMKC is now home to the Center for
Supplemental Instruction and provides training and resources to support the development
and implementation of this program around the globe.

Supplemental Instruction Literature
SI is designed to provide academic assistance to “...help students in historically
difficult classes master content while they develop and integrate learning and study
strategies” (Center, 2000). The goals of SI are to: 1) provide assistance in specific
courses 2) increase retention; and 3) increase graduation rates. The design of SI is to
promote the perception that there is nothing remedial about the program but rather an
opportunity to become a better student in courses that are difficult. The review sessions
provide a social as well as academic experience for undergraduate students; although this
is not a stated goal of the program, it is a beneficial side-effect of the SI sessions.
SI leaders are academically achieving students trained to provide review sessions
for a specific course, throughout the semester. Leaders attend every session of the course
and make themselves known to the other students in the class by sitting in the front row
and announcing their presence to the class. SI sessions are regularly scheduled at least
twice weekly for at least one hour per session. Sessions are geared to respond to
questions students raise. The role of the leader is to provide insight into how to
understand course material based on their understanding of the course content and the
daily activity in the recent class meeting.
The design of SI is to provide students with an opportunity to perform better in
courses that are difficult. Thus SI sessions may include a focus on course content, as well
as learning and study strategies. Because support is offered from the first day of class in
subjects that many students consider difficult, and all students are encouraged to take part
in the SI sessions, there is no remedial stigma attached to the SI sessions. Attendance is
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voluntary and course instructors are not informed who attends the SI sessions. Robert
Blanc has been credited with anchoring SI in a developmental versus remedial
perspective (Martin & Arendale, 1993; Kenney, 1994) and in designing original research
studies on the subject (Blanc, DeBuhr, et al., 1983). The traditional target of SI has been
the introductory courses that many students find difficult. The stigma of remedial
instruction is removed by the proactive focus on a course at risk rather than individual
students at risk (Martin & Blanc, 1994).
The developmental framework “puts the burden of responsibility on the service
providers... Such a theory base assumes that the students will learn if the conditions for
learning are in place” (Martin & Arendale, 1993, p. 2). The findings of the
developmental theorists, notably Piaget and Vitgosky, provided the framework for the
evolving SI program. According to Martin and others, Piaget’s comprehensive model of
cognitive development leads to the conclusion that many students at institutions of higher
education are not yet developmentally ready to learn by attending lectures and reading
texts (Martin, Lorton, et al., 1977). The formalization of Piaget’s ideas into an
educational theory called constructivism states that “students must ‘construct’ their own
knowledge to be able to understand and use it” (Martin & Arendale, 1993, p. 2). This
requires students to become actively involved in the course material so that they begin to
perceive the course content based on their own understanding of the material. Although
students generally view their academic need as course specific it is the thinking and study
skills that are basic to their academic success. “Since the link between learning strategies
and course content forms the basis for the SI model, the connection between SI as
practice and metacognition as its theoretical base becomes more plausible” (Kenney,
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1994, p. 76). The integration of study skills, enhancing what students know about their
own learning, into discussions of course content enhances the students’ opportunity for
academic success.
Lev S. Vygotsky, another leader in constructivist theory, created the concept of
The Zone of Proximal Development. The concept he developed and supported is
important in understanding the theoretical framework of SI. He describes the Zone as
...the gap between where a learner can operate independently and the
higher level that the learner could operate at if they were interacting with more
capable peers. Through continual practice, the learners increase their capability to
think since they are being encouraged by the more capable peers to extend
themselves to higher levels of thought (Vytgotsky, 1978, p. 4).
The SI leader is trained to help students understand their own learning as they
demonstrate the integration of study and thinking skills into the course content. Johnson
and others have documented the “superiority of cooperation in promoting achievement
and productivity” and has suggested that “educators may wish to considerably increase
the use of cooperative learning procedures to promote higher student achievement”
(Johnson, et.al., 1981, p. 58). Peer-facilitated learning is an important factor in the
success of SI.
Martin’s investment in the development of SI has, not surprisingly, led her to
author more than 18 articles and book chapters on SI and it benefits (Martin, 1980;
Martin & Arendale, 1993,1994,1998; Martin, Arendale, et al.,1998, 2000; Martin &
Blanc, 1994; Martin, Blanc, et al., 1982,1983,1994,1996; Martin, Hall, et al., 1993;
Martin, Lorton, et al., 1977; Martin & Wilcox, 1996). She defines SI as
...a collaborative learning program designed for institutional use. The goals of SI
are to improve students’ performances and to reduce attrition. The SI program
targets traditionally difficult [entry-level] academic courses...and provides
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regularly scheduled, out-of-class review sessions that offer students and
opportunity to discuss and process courses information (Martin, 1994, p. 453).
Martin believes that a critical component of the success of SI is the training of
academically successful student leaders (Martin & Arendale, 1993). Collaboration
between the faculty member teaching the course and the student leader is crucial. The
course instructor provides support for course content; the SI supervisor provides
instruction in leading SI sessions that incorporate successful strategies for academic
achievement (e.g., test-taking strategies, time management, and organization of course
material). Success of SI has been documented at a variety of institutions (Martin &
Arendale, 1993). The definition and accompanying measurements of success have
included improved final grade scores of SI participants compared to non-participants
(Martin, Blanc et al., 1982; Congos, 1993; Martin & Arendale, 1993); improved
academic achievement relative to re-enrollment and graduation rates (Martin & Arendale,
1993); and a heightened sense of community in an environment that supports academic
and social integration.
A recent publication of the New Directions for Teaching and Learning:
Reframing Persistence Research to Improve Academic Success (2006) has brought

together the most recent advances in understanding SI. The comprehensive review
explores some of the newer arenas for this program. The journal concludes with the
consideration of SI beyond the university classroom stating that SI “has proven itself to
be an accomplished academic retention model, founded on a solid theoretical foundation,
and supported by three decades of empirical validation” (Jacobs, Stone & Stout, 2006, p.
99).
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Improving student retention (Arendale, 1994) was a driving force in the
development of SI 30 years ago; it continues to be a compelling reason for the growing
number of SI programs at institutions around the globe. At most institutions it continues
to be utilized in entry-level courses providing the remediation and support students
require. Because SI combines support for academic success and social experiences with
a student’s course cohort it suggests a valuable resource for overcoming academic
barriers and positively contributing to student persistence.
SI combines many of the factors reported to be critical for increasing retention:
SI is introduced at the beginning of a course (Milem & Berger, 1997; Tinto, 1997); it
integrates students into the normative culture (Tinto, 1975); and it increases time on task
in a peer supported environment (Astin, 1975, 1984). The anecdotal evidence of
increased popularity of SI in upper level barrier courses at Flagship State University
(FSU) offers an opportunity to provide a new understanding of the effectiveness of this
program for upper division undergraduate students.
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CHAPTER 3
RESEARCH METHODOLOGY
Case Study Methodology
The case study methodology will be employed and will include the use of both
qualitative and quantitative data. J. Amos Hatch reports that the “best sources” (Hatch,
2002) on case study are Yin (Yin, 1994, 2003) and Merriam (Merriam, 1998) and their
definition of case study will form the theoretical basis for the methodology here. Hatch
states “both argue that case studies are a special kind of qualitative work that investigates
a contextualized contemporary (as opposed to historical) phenomenon within specified
boundaries” (Hatch, 2002, p. 30). The current anecdotal evidence of the increased
popularity of SI in upper-level courses at a research /doctoral intensive university is an
example of such a phenomenon and therefore well suited for this methodology.
Merriam concludes, after studying and examining the various definitions of this
methodology, that “...the single most defining characteristic of case study research lies in
delimiting the object of study, the case” (Merriam, p. 27, 1998). In fact, she refers to
Miles and Huberman’s reference to case study as “a phenomenon of some sort occurring
in a bounded context” (Miles & Huberman, 1994, p. 25). Merriam further explains that
this bounded context can be described by the number of people who can be interviewed
or observed - if not, “.. .then the phenomena is not bounded enough to qualify as a case
study” (Merriam, 1994, p 28).
Yin tells us that "in general, case studies are the preferred strategy when ‘how’ or
‘why’ questions are being posed, when the investigator has little control over events, and
when the focus is on a contemporary phenomenon within some real-life context" (Yin,
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1994, p. 1). Additionally, case study methodology employs whatever data collection
means are available, useful and comprehensive to explore the phenomena under
investigation. This study will make use of observation, focus groups, interview and
document review to investigate the effectiveness of SI in a perceived barrier course for a
science major at a research/doctoral intensive university. Merriam explains that “a case
might also be selected because it is intrinsically interesting; a researcher could study it to
achieve as full an understanding of the phenomenon as possible” (Merriam, 1998, p. 28).
The fact that most enrolled students participate, at some point in the semester, in the
associated SI sessions for Physical Chemistry is indeed a fact that is worthy of further
investigation and the reason for this study. This course is required for Biochemistry and
Molecular Biology, Chemical Engineering, and Chemistry majors. That it is populated
with upper-level achieving science students makes it a most compelling case for
investigation. Yin’s statement that: “case studies.. .can be part of a cumulative body of
knowledge” (Yin, 1994, p. 27) contribute to the appreciation of this methodology - while
there are a fair amount of articles pertaining to the effectiveness of SI in supporting
students’ continued enrollment in higher education, this study will contribute to an
understanding of the effectiveness of SI relative to achieving students continual
enrollment to graduation in a science discipline.
The first and primary reason to choose case study methodology, according to
Robert E. Stake (1995), is because it can “maximize what we can learn” (p. 4). The
reason to investigate any particular phenomena is to learn and, if you are an educator, to
take advantage of that learning. Maximizing what can be learned from an educational
experience provides an efficient way to do that. The preponderance of literature and

27

anecdotal evidence suggests that SI is for entering students who need to ‘learn about
learning’. However, this investigator has documented that at a research
extensive/doctoral university, with essentially competent students; this academic support
program has been well attended by students in upper-level courses with a reputation for
being very important and very difficult. Exploring the reasons for increasing attendance
in SI by competent university students is the impetus for this study.

The Research Design
The research design gives direction to the study; “the statement of the problem
presents the logic of the study...” (Merriam, 1998). The design, based on the problem
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statement, defines the questions to be asked and the data to be collected. According to
Stake “the nature of the study, the focus of the research questions, [and] the curiosities of
the researcher pretty well determine what analytic strategies should be followed” (1995,
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p.77).

Merriam tells us that “.. .the uniqueness of a case study lies not so much in the
■I

methods employed (although these are important) as in the questions asked and their
relationship to the end product” (Merriam, 1998, p. 29). According to Yin “a descriptive
case study presents a complete description of a phenomenon within its context” (1998, p.
5). This is a single-case descriptive study designed to investigate the perceived
effectiveness of SI in Physical Chemistry at a research/doctoral extensive university.
Flagship State University (FSU). Further it is hoped that this study will fill in the
knowledge gap regarding barrier courses and the success of SI as it contributes to
undergraduate retention, particularly in SME disciplines. The design of this study, based
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on the research questions, includes an assessment of both qualitative and quantitative
data.

Purpose
The criteria used to determine what the case study will include, or not include, is
determined by the “theory” of a descriptive case study. In a descriptive case study the
theory “covers the scope and depth of the object (case) being described” (Yin, 2003, p.
23). As a result the theory is based on the stated purpose of the study. The purpose of
this study is to understand the role of SI from the student perspective, particularly in the
upper-level courses that are considered difficult and important relative to academic
success in a chosen major.
The theoretical framework for the study is informed by retention literature in
consideration of why students are retained in higher education through degree completion
and SI literature which supports the development and application of this academic
support program. The particular focus here is on academic barriers to persistence,
particularly in the SME disciplines. Inclusion of SI in an upper-level chemistry course at
a research/doctoral extensive university provided the case to be studied.

Research Questions
Determining the questions underlying the design is critical; determining the
questions to ask participants impacts the data collected and therefore the results of the
study. According to Merriam, the research questions “guide the inquiry, and they
determine how data are to be collected....they often identify areas of inquiry for what to
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observe.. .or what questions to ask in an interview” (1998, p.60). The benefit of SI
relative to student retention and achievement in lower level courses is well established in
the literature; however there are few, if any, reports of the benefit of SI in the upper-level
barrier courses, those that are required for persistence in a major. The focus of this study
is to fill in that gap in the literature and an understanding of students’ perceptions of
barrier courses. Therefore, the following research questions have guided this study:
1) Why do students in Physical Chemistry participate in SI? What factors
influence this decision?
2) Is SI, in fact, an effective strategy supporting persistence in SME majors?
These questions were addressed through participant interviews, document review;
as well as a review of student demographic data, and a comparison of course grades in
pre-SI and SI support for Physical Chemistry.

Unit of Analysis
According to Yin “the findings of the case study will pertain to specific
theoretical propositions about the defined unit of analysis” (2003, p. 114). This study
explored students’ perceptions of a barrier course and the relative benefit of SI, therefore
SI is the unit of analysis for this study. “A unit of data is any meaningful (or potentially
meaningful) segment of data” (Merriam, 1998, p. 179); therefore, the use of a focus
group, interviews, document review and comparisons of course grades and SI attendance
contributed to an assessment of participants’ behavior within the context of their
perception of SI; the smallest unit of analysis is the focus of the study - SI.
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Participants and Site Selection
This research took place at a doctoral/research extensive land grant university,
herein referred to as Flagship State University, FSU. This university is the flag ship
campus of a 5-campus state university system in the North East. SI was first offered at
FSU through an academic support center in 1996. Consistent with the approach to SI
offered elsewhere, SI sessions were open to all students and presented as simply an
option for increased exposure to difficult material in 4 - 8 entry-level classes. SI leaders
attended every session of the class and held regularly scheduled twice-weekly 75-minute
review sessions at the academic support center. Approximately 10% of class participants
attended the SI sessions. Surveys of students in courses offering SI suggested that
attendance was largely dictated by a combination of course difficulty and the relative
benefit of SI. That is, students who attended SI sessions appreciated the support it
provided in their ability to achieve in those courses, however the degree of course
difficulty and the importance of the course relative to students’ academic goals were
reportedly the important criteria in students’ decision to attend SI sessions.
Changes in the academic center’s leadership coupled with discussions regarding
SI with faculty and students, particularly in science disciplines, led to a trial offering of
Supplemental Instruction in an upper level chemistry course during the 1999-2000
academic year: This course is a requirement of the major and historically perceived as
difficult by both faculty and students. The course instructor anticipated that because this
was a higher level course than others receiving SI support attendance would be so low as
to render it ineffective - however quite the opposite occurred. It was successful, as
measured by session attendance, beyond expectation; 30 - 40 % of enrolled students

31

routinely attended the SI sessions supporting that course. This is a higher percentage
than is frequently experienced in the more traditional introductory courses. Anecdotal
information gathered from conversations with SI leaders, participants and faculty
members indicated that the combination of the difficulty and the importance of this
course prompted student attendance at these SI sessions. This phenomenon seemed to
suggest that SI could positively contribute to students’ persistence in their chosen major
when and if there was support for them in the courses that they found most difficult.
As noted earlier, Physical Chemistry is well-known among students and
professors in the sciences as an academic hurdle or barrier (or ‘weeder’) course for many
students. It is required for Biochemistry and Molecular Biology, Chemical Engineering,
n

and Chemistry majors and is taken during the junior or senior year of undergraduate
study. A student already employed by the academic support center suggested that the
students in this upper-level chemistry course would benefit from SI support because,
»i
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according to this student, it requires mathematics that students do not otherwise make use
of, contributing to the perception of this course as a barrier to academic success. The
professor teaching the course was contacted and responded with interest in a trial of SI
support for Physical Chemistry. At least 85% of the students enrolled in the course that
semester participated in a minimum of 2 SI sessions during the trial semester. SI support
was provided for Physical Chemistry the subsequent semester and attendance was
comparable. The impetus for this study is a result of these observations of a pilot effort,
and a desire to better understand the nature of barrier courses and to support students’
academic efforts. The primary participants were students enrolled in Physical Chemistry
during the Fall 2006 semester.
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Only one section of this course is offered each semester; the course instructor was
contacted to confirm access to documents pertaining to this course. The appropriate
protocol was followed to gain access to student demographic data. All student
information is reported in the aggregate; personal information will be kept confidential as
promised. All students enrolled in Physical Chemistry during the fall 2006 semester were
informed of this study and agreed to participate; respondents were given an Informed
Consent Form explaining the objectives and purpose of the study and their rights as
participants which they all willingly signed. Pseudonyms have been used to protect the
identification of people and place throughout.

Data Collection
The primary method for data collection was one-on-one interviews with students
enrolled in Physical Chemistry; the past and present course instructors and the current SI
leader were also interviewed. One focus group comprised of six students was held and
provided an opportunity to review students’ interview questions and begin to get a feel
for students’ opinions. David Morgan (1988) suggests that “one advantage of group
interviewing is that the participants’ interaction among themselves replaces their
interaction with the interviewer, leading to a great emphasis on participants’ point of
view” (p. 18). According to Yin (2003) the interview provides essential information for
a case study. Coupled with focus groups, one-on-one interviews provided greater
opportunity to explore selected students’ perceptions of SI and assured that the student
voice is the primary data source. Document review included course description and
requirements as well as any other printed material regarding Physical Chemistry.
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Attendance records from SI sessions and final grades were collected as was a class survey
on SI participation.
Qualitative research is committed to “...naturally-occurring data” (Marshall &
Rossman 1989, p.10). As stated above, the purpose of this study is to understand the
students’ perception of the benefit of SI in courses they consider difficult and important
(the barriers). Interviewing the students involved in this known-barrier course is the most
direct means of surfacing their understanding of the SI experience. “Qualitative
interviewing is a way of finding out what others feel and think about their worlds” (Rubin
& Rubin, 1995, p. 1). The focus of the interviews was to collect data regarding why
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students participate in SI and what aspects of SI are most helpful. Further the it was
hoped that the interviews would reveal which aspects of SI are most helpful and what
factors influence participation in SI.
Enrollment in PC4 at FSU is generally 40-75 students per semester. One focus
group interview was utilized to assure that as many students as possible were included in
this study.

“Focus group interviews are a form of evaluation in which groups of people

are assembled to discuss potential changes or share impressions” (Rubin & Rubin, 1995,
p. 27). The focus group was comprised of six students; two of those students were also
interviewed individually. Rubin and Rubin further tell us that qualitative interviewing
continues until the researcher is both assured that the complexity of the subject is
understood and saturation has been attained. Six students enrolled were interviewed
individually. Saturation occurred early in the interview process; no additional data was
revealed after completion of several one-on-one interviews with students although several
additional one-on-one interviews were completed. Interviews with the professors
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corroborated information reported by students. Saturation indicates that continued
interviewing will no long yield additional information (Rubin & Rubin, 1995; Creswell,
1998; Hatch, 2002). Student responses were more similar than anticipated; saturation
occurred and categories emerged.
Although it is understood that “qualitative interviewing design is flexible,
iterative, and continuous, rather than prepared in advance and locked in stone”(Rubin &
Rubin, 1995, p. 43), interview questions were determined prior to interview sessions and
replicated throughout in an attempt to determine the perceived benefit of SI in a difficult
required course. The following interview questions were posed:
•

Why are you taking Physical Chemistry?

•

What was your expectation/anticipation of this course?

•

Have you attended the SI sessions for this course? If yes, how many?
Why?

•

What was your motivation for attending these sessions?

•

Please discuss the SI experience in Physical Chemistry (including the
leader, the design of the sessions, outcome).

•

Have you attended SI sessions associated with other courses? Why or
why not?

•

If you did not attend any SI sessions for Physical Chemistry - why not?

As interviews evolved other questions were posed in an attempt to elicit as much
information as possible regarding the difficulty of this course and students’ persistence in
their major.
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Data Analysis
Data analysis begins even while interviews are being conducted and documents
collected. It is the “final stage of listening to hear the meaning of what is said” (Rubin &
Rubin, 1995, p. 225). Miles and Huberman (1984) report that “data analysis consists of
three concurrent flows of activity: data reduction, data display and conclusion
drawing/verification” (p.21). Data reduction may occur, according to these authors, even
before the research is actually initiated by deciding the conceptual framework of the
study. Throughout the study information received from the various collection sources
provided information in manageable portions. “Data reduction is a form of analysis that
$
sharpens, sorts, focuses, discards, and organizes date in such a way that ‘final’
H

conclusions can be drawn and verified (Miles & Huberman, 1984). Data display is quite
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simply the beginning narrative of the data collected. The Focus group discussion and
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interviews were transcribed and compared to determine emerging categories “to discover
«i

connections” (Rubin & Rubin, 1995, p. 227). Qualitative data analysis is an iterative
process and a continuous examination of information received was employed here
(Corbin & Strauss, 1990; Merriam, 1998; Miles & Huberman, 1984; Rubin & Rubin,
1995).
Triangulation refers to the “verification or extension of information from other
sources” (Hatch, 2002, p. 92). Student demographic information particularly course
grades along with the number of SI sessions students attended in Physical Chemistry
were used to confirm the perception of the benefit of SI support in this upper level
chemistry course.

36

'i

Significance and Limitations
The significance of this study is not only to influence our understanding of the
benefit of SI in upper level barrier courses but to fill in the gap in the research literature
regarding barriers to academic success. It is worth considering whether this academic
support program can be used as a tool to increase persistence in SME disciplines at a
research/doctoral extensive university.
A limitation of this study is the specific nature of this course at FSU. Although
implications of the effectiveness of this program in other courses at other universities
may be inferred, there is no certainty that all students will respond similarly. Further it is
not always possible to predict which courses are perceived as barriers in all majors or at
other institutions.
The goal of this investigation is to explore the benefits of SI in an upper level
course that is perceived as a barrier to progress in a chosen discipline. This study used a
case study approach in order to understand the student experience as it relates to the
effectiveness of SI in a perceived barrier course. It is hoped that the insight provided by
this study will support students’ persistence a chosen field of study consistent with ability
and interest.

37

CHAPTER 4
THE CASE STUDY REPORT
This chapter reports and analyzes the findings of this case study. First the setting
and context are described and include an overview of SI during the fall 2006 semester at
Flagship State University, FSU, as well as descriptions of participants interviewed. The
identities of both place and participants have been protected, as assured, through the use
of pseudonym.
The results of this qualitative case study are then reported, focusing on students’
perceptions of SI in a physical chemistry course (PC4). Four major factors surfaced
through an analysis of the interview data: 1) anxiety and/or apprehension about the
course; 2) course content; 3) characteristics of enrolled students; and 4) nature and
benefit of academic resources for students. Direct quotations are included for each factor
noted.
Finally, and as a supplement to the qualitative data, an analysis of attendance and
grades is reported and discussed regarding participation in physical chemistry and SI
during the fall of 2006. Findings are reported for the class as a whole with reference to
class enrollment, participation in SI sessions, students’ grades in PC4 both before SI was
included and with its inclusion.
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The Setting
The institutional setting for this case study is Flag-ship State University (FSU), a
research extensive (Carnegie Foundation for the Advancement of Teaching, 2000) flag¬
ship campus of a five-campus system. According to a 2005-06 report from FSU’s office
of institutional research, the university
is a major research institution enrolling more than 25,000 students, from all 50
states and more than 100 countries. [FSU] has achieved a reputation for
excellence in a number of disciplines, its breadth of academic offerings and its
leadership role teaching, research and public service in the [state]. It’s ten schools
and colleges offer six associate’s degrees, eighty-eight undergraduate majors,
sixty-eight master’s and forty-eight doctoral programs (President, 2006).
Located in a relatively rural area of the state, FSU is conveniently located within one
hundred miles of several major cities.
A variety of offices provide support for undergraduate students including an
advising center, residential academic programs, and The Center for Academic Resources
(CAR). CAR is the central facility for peer-tutoring and Supplemental Instruction (SI)
and is located on a central floor of the main library. These services are provided on a
walk-in basis and are completely voluntary. Tutors and SI leaders are academically
achieving undergraduate students who are trained and employed by CAR to provide
academic support to their colleagues. They are supervised by graduate students in
collaboration with the Center director. Tutoring is offered in most of the large required
courses that many students find difficult including the sciences, mathematics, engineering
and languages. It is also offered in a number of upper level courses in these disciplines as
well, reflecting the requests of students and CAR student staff. The tutoring program has
grown in recent years as a result of these requests as has the SI program.
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SI is now available in twenty to twenty-five courses every semester at FSU. This
support also tends to be offered in science, mathematics and engineering. A combination
of student and faculty requests has dictated the inclusion of SI in these courses; most
often in first and second year courses. A few notable requirements in the sciences remain
some of the most difficult for students to successfully complete, among them physical
chemistry.
The argument for offering SI to students in Physical Chemistry is a
straightforward one. Successful completion of at least one semester of physical
chemistry, an upper-level undergraduate course, is required by three bachelor degree
programs, Chemistry, Chemical Engineering and Biochemistry and Molecular Biology.
During the 2006-07 academic year 453 undergraduate students declared Chemistry,
Chemical Engineering or Biochemistry and Molecular Biology to be their major. Physical
Chemistry is truly a gateway to continued study in these sciences. To succeed in those
majors, each student will have to pass a physical chemistry course, a prospect that is
often daunting given the course’s reputation as being extremely difficult.
The specific setting of this study is the Physical Chemistry, PC4, class at FSU
during the fall 2006 semester. 56 students enrolled in physical chemistry in the fall 2006;
40 males and 16 females; 8 of those students are seniors, 42 are juniors, 2 are sophomores
and the class year of 4 is not known.

Supplemental Instruction in Physical Chemistry
At FSU, as at most schools, the course numbering system reflects difficulty and/or
placement along an educational continuum. According to the FSU website explaining the
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course numbering system:
100 - 199 Lower division undergraduate; freshman level.
100 - 299 Lower division undergraduate; sophomore level.
300 - 399 Upper division undergraduate; junior level.
400 - 499 Upper division undergraduate; senior level.
500 - 599 Combined graduate/undergraduate; suitable for upper division
undergraduates. (2006-2007 Guide to Undergraduate Programs, 2006)
The first semester of Physical Chemistry is numbered 475, reflecting that it is considered
an upper-level course and is taken by students generally in their junior or senior year of
study. Throughout this study it will be referred to as PC4.
The impetus for the inclusion of SI into PC4 was entirely student-driven. A
request was made during the spring 2003 semester by Kareem, then a junior chemistry
major employed as a peer tutor at CAR. Kareem was an exceptionally competent student
who was aware of the SI program and the general management of CAR. He was a
chemistry major and had recently completed the required physical chemistry course with
Professor Albert. He approached the director of CAR and explained his experience both
as a student in PC4 and a tutor at CAR and his belief that the course content of PC4
would be well-suited for support by SI. It was his contention that SI could focus on the
mathematical component of physical chemistry so that the more conceptual and very
difficult components of the course would be more easily understood. The Center
director contacted the course instructor, Professor Albert. Professor Albert agreed with
Kareem that the mathematical requirements in physical chemistry were difficult for many
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students and inclusion of SI was worth a trial semester. SI was included as a component
of PC4 in the fall 2003 semester. Professor Albert is no longer the PC4 instructor at
FSU, however, his decision to include SI in PC4, his experience with it and his insight
contributed to the results of this study.
Kareem was well-known to Professor Albert and convincing in his belief that SI
could serve as a resource for the mathematical component of the physical chemistry
course. Professor Albert agreed that the students in the class would appreciate additional
opportunities to review the difficult mathematics required. Students in the class were
appreciative of the additional opportunity to work with difficult course material. Early
feedback in the SI sessions indicated that students wanted to be able to review all of the
course material, not only the mathematics. What was most astonishing was the number
of students that attended the SI sessions that first semester. 78% of the students enrolled
in PC 4 attended at least one SI session; two-thirds of the class participated in more than
one SI session. There is generally one section of PC4 offered each semester. Since 2003,
SI has continued to be included in the one section of PC4 that is offered every semester at
FSU since 2003. Neither curricular nor instructor changes have significantly altered the
attendance pattern noted during that initial trial semester.
The case for this study is the PC4 class taught by Professor Brad at FSU during
the 2006 fall semester. The implementation of the SI process included several logistical
steps. Professor Brad introduced Giulia, the SI leader to the class. At the first class
meeting of the semester Giulia explained that she would be present at every class meeting
so that specific questions as well as general concepts could be reviewed during her SI
sessions. She reminded students that attendance is completely voluntary and walk-in.
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The class was polled for available times for SI sessions. By the end of the first week
Giulia, in collaboration with the SI supervisor, had tallied the polling slips and scheduled
the SI sessions. The time and place of the twice weekly regularly scheduled review
sessions were announced in class frequently, posted on the CAR website and on signs at
CAR.

Respondents
Two faculty members, the SI leader and 10 undergraduate students participated in
this study. Among the students, three were female and seven were male. Interviews
were conducted throughout the fall 2006 semester. The former and current PC4
instructors, Professors Albert and Brad respectively, the SI leader Giulia and six students
enrolled in PC4 were interviewed one-on-one. Additionally six students enrolled in PC4
participated in a focus group to discuss PC4 and SI. The two course instructors were
interviewed in their offices on campus; all student interviews were conducted at CAR.
Interviews were tape recorded and transcribed to confirm validity of interview notes.
Instructors. Professor Albert is an Associate Professor of Chemistry and Adjunct
Professor of Chemical Engineering at FSU where he has been for the 10 years he has
been in academia. He has received several national awards for his contributions as a
scholar and teacher. Professor Albert’s research area of interest is “theoretical chemistry
and computational materials science” (Chemistry Department website, 2006). Professor
Albert taught physical chemistry at FSU for seven years. He enthusiastically agreed to a
trial of SI in his fall 2003 PC4 course and to be interviewed for this study. He has
contemplated the difficulty students experience integrating the mathematical components
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necessary into their study of physical chemistry as evidenced by his willingness to
integrate SI into his PC4 class and to support its inclusion in subsequent semesters.
According to Professor Albert students

. .are mathematically not prepared for PChem.”

Several semesters prior to this investigation Professor Albert collaborated with the
mathematics department to develop a course focused on preparing students for the
required physical chemistry. Unfortunately lack of resources precluded the offering of
this course. Albert has since come to realize that improving students mathematically for
the study of physical chemistry would not alter its status as an academic hurdler or
barrier.
Professor Brad is a relatively recent addition to the FSU faculty, this is his second
year at FSU and his second fall semester instructing PC4. Prior to his arrival at FSU he
was a researcher at a national laboratory for 15 years. He is an Associate Professor of
Chemistry. Professor Brad’s area of research is also in physical chemistry with a focus
on “single-molecule spectroscopy, polymer-based nanoscale photonics” (Chemistry
Department website, 2006). He is the current instructor of PC4. As a relatively “new”
instructor he reports appreciating the additional opportunity for students to work with
difficult subject matter provided by their participation in SI, as well as the feedback he
received through his interactions with the SI leader.
Giulia, the SI leader in PC4 during the fall 2006, semester is a senior chemistry
major. She was a student in Professor Brad’s first semester as instructor of PC4, fall
2005. She enrolled in the class because it was required but “.. .ended up liking it a lot.”
Giulia was a tutor at CAR during the 2005-06 academic year and requested the position
of SI leader for PC4 during the 2006-07 academic year. She appreciated Professor
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Brad’s teaching style and the benefit she received from attending SI sessions when she
was enrolled in the course.
Students. Six students enrolled in the fall 2006 semester participated in a focus
group discussing physical chemistry and SI. Two students in the focus group were
juniors, four were seniors; two students were women. The focus group took place at
CAR. Students in the group commented that by the time they were in PC4 they knew
enough of the students in the class to be relaxed with each other. All of the students who
participated in the focus group had participated in at least one SI session and all students
appreciated the resource.
Additionally, six enrolled students were interviewed in-depth regarding their
experience in PC 4 and their perception of SI relative to that course. Two of these
students also participated in the focus group. Students who enroll in PC4 are generally in
their junior year at FSU due to prerequisites. Five of the students interviewed are juniors,
one of the students is a senior; two of the women in the class and four of the men were
interviewed. Two students interviewed are chemical engineering majors the other 4 are
chemistry majors. All students interviewed attended at least one SI session. Participant
demographics are noted in the Participant Chart below.
Table 1. Participant Chart
NAME

GENDER

ACADEMIC LEVEL

PROF ALBERT
PROF BRAD
GIULIA
JACKIE

M
M
F
F

Associate Professor
Associate Professor
Senior
Senior

BOB
TYLER
JODY
VLADIMIR
FRANK

M
M
F
M
M

Junior
Junior
Junior
Junior
Junior

I

YEARS AT FSU

MAJOR

10
2
4th

Physical Chemistry
Physical Chemistry
Chemistry
Chemistry
Chemical Engineering

3rd
"If3

3

~
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-

“

-j

Biochemistry
Chemistry
Chemical Engineering
Chemistry

Four categories were identified in the field notes as pivotal to students’
engagement in SI. They included: anxiety about the course; course content;
characteristics of students; and students’ perception of academic resources.

Anxiety About the Course
Students develop an awareness of courses and instructors. It doesn’t take long for
students to find information about which course will be difficult or easy or which will
require a lot of homework or a lot of reading. Students were questioned about their
expectations of PC4 as well as their actual experience. Data reveal that students are
forewarned about the difficulty of PC4, often several years before they enroll. Regardless
of how students in the hard sciences find information about courses (e.g., word of mouth,
course catalogue), physical chemistry is a required course well-known for its level of
challenge and difficulty. The course instructors are aware of the reputation of physical
chemistry - that it is a subject to approach with trepidation.
Reputation: “It’s probably the toughest course”. The reputation of physical
chemistry is not incidental. It precedes students’ enrollment in the course, often by years.
Forewarning comes to students from a variety of places - family, mentors, and their
peers.
Students report approaching physical chemistry with a sense ranging from caution
to dread. Bob, a junior chemical engineering major had been warned by family. His
uncle who is a chemist and his cousin who also earned his bachelor’s degree in chemistry
warned him that “PChem was probably the toughest course” he would ever take. A
frequent refrain was that “everyone just said it’s totally different than what you’ve done
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the past two years.” Professor Albert agreed that it is a course “like they’ve never seen
before.”
One student reported that her mentor in a first year student program for
academically achieving science majors “always talked about the horrors of physical
chemistry....I mean he studied it everyday and barely pushed through with a B so I
always thought it would be very difficult”. Jackie, a senior chemistry student, said she
had “.. .been dreading it for the four years. Like I’ve even heard horror stories of people
who have dropped out of their major and gone in to like biology where you don’t have to
take it.” Jackie’s anxiety about PC 4 is the reason she waited until her senior year to take
this required course. Giulia agreed that “anxiety is a good word for it -1 think even
when you’re taking it.” She also said that “It’s just more memorization based and
understanding in a different way...it’s using math and physics to explain chemistry
concepts and that idea alone is pretty crazy.”
Required: “It’s an important class”. Because this course is required for students
to persist through the several majors, the apprehension associated with it is directly
related to the need to do well in a course known to be challenging at best. Many of the
students enrolled in PC4 and all students interviewed expressed an interest in continuing
their education in graduate school further exacerbating students’ anxiety.
Professor Brad is aware that the anticipation of PC4 generates anxiety and
suspects that it contributes to the popularity of SI. As a professor he would like to relieve
some of the stress students experience and that
if I could do one thing, which I think SI really helps a lot in this class, is just
lowering the anxiety level and I think just getting that stress level down to a point
where students believe - ok, I’m going to get through this.
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This anxiety about PC 4 is highlighted by the fact that it is a required course. The idea
that this course is a barrier in the students’ quest for academic achievement is echoed in
many conversations. As Giulia, SI leader told me “well, that’s another one of those
weeder classes - it’s a difficult class for most people and it’s required.” She also told me
that “It’s an important class; it’s important for your grades and it’s important for grad
school.” Jody, a junior chemistry major, confirmed this understanding of PC4 as a socalled barrier course and named it as such when she said: “I think the barrier classes -you
know that they’re going to be hard so you know about the challenge.” Jody is an
academically achieving student and smilingly admits that she is excited by academic
challenges and was intrigued by PC4. Not surprisingly she received an A for the
semester and subsequently considered pursuing research in physical chemistry. She
smilingly acknowledged that “people have different places where they excel - school is
mine.”
Difficulty: “You get more overwhelmed”. Physical chemistry is a complicated
subject. The course content is explained in greater detail in the following section;
however it is the level of challenge associated with this required course that contributes to
the students’ awareness that PC4 is an academic hurdle to be approached with caution.
Professor Brad supports the students’ opinion of the difficult, required nature of
PC4: “This [course] is a make or break thing. You know this is not something that
they’re gonna’ be able to come back and take next year - or hope they don’t have to.”
Giulia’s experience as a student in PC4 and now attending the class as SI leader gives her
a new appreciation for the academic challenge of this course. “One of the reasons that
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not everybody gets it.. .is they get more overwhelmed at the fact.. .that it is so abstract
and they don’t know how to take away what’s important and what’s not.”
Of course, like any generalization there are students who approach the course
without significant anxiety, although even for those students it is clear that they feel
cautiousness when they enroll in PC4. Frank, a junior chemistry major “thought it was
going to be interesting and difficult.” His experience was consistent with his expectation.
Tyler, also a junior chemistry major shared Frank’s cautious but optimistic expectation:
“I suspected a lot of math, which there was. Which I wanted because I have a very strong
math background - and I figured that as long as I stay on top of the math I’d be fine.”
Calm or anxious, students are wary of the subject matter - concern about the
mathematical component associated with physical chemistry is a frequent refrain and is
discussed in greater detail in Course Content.

Discussion and Analysis of Course Anxiety
The reputation of PC4 instigates the apprehension students report related to PC4.
Three factors frame this academic hurdle: its reputation; it is required; and it is
challenging. Further, these factors describe the cycle of an academic barrier.
The caution students report in anticipation of physical chemistry is notable.
Students admit feelings that range from caution to dread prior to their enrollment in this
course. It is perceived as a hurdle even before their experience with the course begins.
All students approach their enrollment in PC4 with forewarning. The information
students receive regarding this course leads to the apprehension students frequently
experience when they consider enrolling in this course. It often contributes to their
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decision when to take it; some admit to putting it off until their last year as an
undergraduate because they are simply afraid of it. It is this reputation that initiates the
cycle of an academic barrier.
The cycle is perpetuated by the fact that the course is required; this exacerbates
the feelings of anxiety students report regarding PC4. Both students and faculty admitted
knowing someone who changed their major field of study because they were afraid to
take the required physical chemistry course. Switching from a chosen field of study to
avoid a required course is an extreme reaction to a course - knowing someone who had
done exactly that was mentioned in several of the one-on-one interviews and referred to
during among focus group participants. Because so many of the students in the majors
that do require the study of physical chemistry plan on attending graduate school, and
because they need to do well in this course to do so - this required course is a necessary
hurdle.
The challenge for academic achievement in such a difficult course completes the
cycle of an academic hurdle or barrier (see Diagram 1). The course is important not only
because it is required but because students need to be competent in the subject matter to
continue in their discipline. The subject matter is complicated and challenging
throughout the semester. Students frequently remain anxious about this course even
when they are taking advantage of resources, particularly SI, and performing well on
examinations.
The cycle of an academic barrier is illustrated in Figure 1. The cycle begins with
a courses’ reputation. This initiates the feelings of anxiety that make students wary about
a course even before they are introduced to the subject matter. Students are clear that this
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course is a major hurdle for them. The difficult course material is a challenge for the
duration of the course. Students rotate through this barrier during the semester, anxiety is
present throughout. This pattern is diagramed below.

S~7

ANXIETY

Figure 1. Cycle of an Academic Barrier

Course Content
The FSU course catalog describes PC4 as an “introduction to modern quantum
chemistry and wave mechanics, atomic and molecular structure and spectroscopy [and
requires] knowledge of partial differentiation [as well as] the theory and practice of
analytical chemistry and interpretation of data.” Students and instructors describe the
course content as being particularly difficult. The subject matter is a combination of
sciences, physics and chemistry, and mathematics. These two aspects of the course
content, the integration of sciences and the mathematical component, were identified by
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both instructors and the students as particularly challenging. Regardless of their major,
students find at least some portion of the class extremely difficult.
Mathematics: “It trips a lot of people up”. The mathematical component of
physical chemistry is frequently discussed by instructors and students. As has been
noted, in 2003 Kareem’s initial suggestion was to provide SI sessions focusing on the
necessary mathematics so that the chemistry would be more manageable for the students.
When he approached Professor Albert he asked him to consider supporting SI in PC4 as a
way to provide additional opportunities for students to develop the necessary math skills.
Professor Albert agreed; he has stated that “physical chemistry is a significant departure
from the other main chemistry courses simply in the content of its requirements for
mathematics” and that the additional support just might provide the assistance needed.
He further stated that the students “are not mathematically ready for PC4.” Professor
Brad, current instructor of PC4, is in complete agreement with Professor Albert regarding
the difficulty contributed by the use of mathematics reporting that the students “have had
calculus before but never had to use it to apply it to a chemistry problem.”
Giulia confirms the complexity of the subject matter further complicated by the
mathematics required:
Whereas in organic the focus is still chemistry, but this is ...you have chemistry,
you have math. I mean the math trips a lot of people up, too... So you just hear
that it’s hard and you just hear that it’s a lot of math.
Even students who were not apprehensive of the mathematics noted its
significance in course content. Tyler was confident that if he stayed on top of the
mathematics he would have no problems in the class. While he acknowledged that the
course was not without challenges and required a lot of his time, his mathematical

52

background did contribute to his understanding of the course material. He did perform
well in class and actually enjoyed the subject matter. He did attend a number of SI
sessions even though his mathematics background served him well throughout his study
of physical chemistry. He stated “it was definitely a good place for the math of physical
chemistry.”
Vladimir, a junior chemical engineering major, “knew it was quantum mechanics.
[He] knew enough of quantum mechanics to know it was heavily math based and that it
was more of a physics/math class rather than a ‘regular’ chemistry class”. Because of his
understanding of the course and his confidence in his mathematical skills he did not
actually expect PC4 to be very difficult and admits that it was “not the most difficult
course [he’s] ever taken.” Not many students are as casual about the subject matter as
Tyler and Vladimir. Most students spoke of the course as being extremely complex.
Regardless of their previous preparation students in PC4 “share this common problem
which is how to use the math to solve the physical problem.” Giulia “understands why
the idea [to use SI] initially came out of the math supplement but there’s just a lot more to
it, just concepts in general”. She states the frequently heard refrain that “physical
chemistry combines more aspects of or more areas that you’ve used [before] in order to
do well in this class.” Professor Albert highlights the mathematical skills needed when
he notes:
basically we reduce all of chemistry to physics...but the tough thing is the
language of physics is mathematics. So in order to make this bridge, the bridge is
constructed with the bricks of math. And not just any old math but vector
calculus, statistics, differential equations, linear algebra, and a collection of
different kind of mathematical subjects that chemists typically don’t see.
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Complicated subject matter: “It’s the fact-that it’s so abstract”. According to
Professor Albert, physical chemistry “is just so beautiful but it is a completely different
language. It’s like the students come in to a chemistry class that’s given to them in
Swahili - it’s just a completely different language.” Professor Brad reports that “it’s a
very interesting challenge for an instructor to try to present it in a way that makes some
sense, something that [the students] can connect to”. He further states that “this material
that we talk about, quantum chemistry is so conceptually rich...Somebody gave the
analogy - it’s like eating a whole cheesecake everyday.” Giulia explains that “it takes
more of your knowledge.. .like it combines more aspects of or more areas than you’ve
used in order to do well in this class.”
According to Jackie “the material is very, I don’t know how to explain this, it’s
like very- - sometimes I feel like it’s hidden.” Jody corroborates this opinion stating “the
whole first half of this semester, anyway, I think was all physics and then finally we
developed these grandiose theories and then we could finally apply them to chemistry
and the hydrogen atom. Before that it had nothing to do with chemistry, really.”
Professor Albert reports that “physical chemistry is about the idea that chemistry is
simply physics.” He also states that the chemistry is not complicated - but the physics
and mathematics are. The complexity of subject matter is further complicated by the
students’ variable preparation for this course. He also states that
the chemical engineers are unique in that their grasp of math is outstanding,
they’re practically like physicists; the biochemists are more like the biologists in
the sense that their grasp of math is much less so than the chemists, so there’s a
whole spectrum there.
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Professor Brad suggests that even the mathematics is not as difficult as students may
anticipate but
there is this kind of rust issue. That they’ve had calculus before but never had to
... apply it to a chemistry problem... The thing is that they have to use some
reasonably complicated math to do some really complicated physics. Basically
this class is a physics class in a chemistry context and so there is this double
whammy. There’s a bunch of new concepts, new words and new math that they
have to learn...

Giulia explains that she sees students getting overwhelmed because “it is so abstract
and...they don’t know how to take away what’s important and what’s not.” She admits
that her conceptual skills significantly contributed to her academic competence in
physical chemistry: “I work well with concepts...There is math and there is physics and
that doesn’t make it any easier.” Professor Albert’s reflection on the course content in
PC 4 confirms the difficulty of the course: “I think there’s something special about
physical chemistry.” Professor Brad believes that the classroom experience is not enough
to adequately leam the course material. “Most of the people in the class, 90% or more of
the class, have to hear it a second time in a different voice. And hearing that in a
different voice is also very important.”
Even those few students who are not intimidated by the subject are aware of its
complexity. Jody, the enthusiastic junior chemistry major, said that she got a lot out of
PC4 “because [she’s] taken quantum before ... [she] walked in with a lot of tools because
[she] already knew how to study quantum mechanics.” However she also acknowledges
the differences in preparation.
I think it’s worth it to note the difference between the chemical background and
an engineering background - once you’ve been trained for three years in how to
think about your field and then you’re presented a whole new way of thought
that’s also very different, even the best students have to think about that.
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She further explains
If you think in a physics sense you understand the stuff really well. The different
methods of studying physical chemistry become really apparent. But if you don’t
come in with a good sense of the methods of studying it - then you have to first
learn the methods and then the material on top of it. So it becomes even more
difficult, because all of those are being thrown at us at once.

Jody’s response reflects the difficulty of the subject matter compounded in the classroom
by the variable preparation of the students in the class.

Discussion and Analysis of the Effect of Course Content
The course content is complex; the case study data base revealed 2 major factors
that have significance regarding the implications of the course content: the mathematics;
and the integration of several sciences.
The study of physical chemistry is the combination of mathematics and physics as
well as chemistry. The mathematical component is a major hurdle for many students;
transitioning between the disciplines is an additional hurdle. Although all students must
complete the same prerequisites for this class, their background varies depending on their
major. Students with a strong mathematical background tend to have an easier time in
PC4 but most students find it challenging - even when their mathematical background is
strong. The complex nature of physical chemistry demands an ability to integrate
conceptual information from three sciences. Apparently it is not the chemistry that is
difficult but rather the physics and mathematics and eventually the integration of all
three.
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Students intent on completing their bachelors’ degrees in one of the three majors
that require physical chemistry are accustomed to difficult course work. They are also
accustomed to receiving a good grade in these difficult courses. Course instructors
believe that the typical student enrolled in PC4 is unaccustomed to struggling in most of
their courses. PC4 is a hurdle for most students. The cycle of an academic barrier is
evidenced in the challenge students face while they are enrolled in PC4. It is perpetuated
here by the demanding nature of this course.

Characteristics of Students
Two factors emerged reflecting the characteristics of the students that are enrolled
in PC4: their skills and attitudes, and their use and perception of academic resources.
Students enrolled in PC4 are considered ‘serious students.' They describe themselves this
way and they appreciate being identified this way. These are students accustomed to
dealing with difficult subjects. The students tend to know the others in their major. They
have taken classes together over the preceding year; they frequently refer to having been
in labs together. These are students who understand what resources are available and
willingly take advantage of them.
Students’ Skills and Attitudes: “These are serious students”. The variable skills
of the students enrolled in PC4 are notable because the difficulty and complexity of the
course material suggests that at some point during the semester everyone in the class is
challenged. Jody explained that “there’s a huge spectrum of people taking that class:
chemists; chem.-e’s; the organic side of chemists versus the inorganic side of chemists
and the engineers. It’s a lot of different backgrounds.” Professor Brad reports that
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the chemistry majors come in to the class with a better chemical intuition and a
better chemistry background but a much lower degree of mathematical sophistication.
The chem.-e’s come in to the class with a poor, with much poorer chemical intuition and
a ...much stronger math background....but they share this common problem which is
how to use the math to solve the physical problem.
The class is generally comprised of juniors and seniors accustomed to doing well
in science classes; the experience of wrestling with difficult course material is often
unfamiliar.
Both instructors see the students in PC 4 struggle with the difficult material and
with the experience of having to deal with difficult material. They also both note the
seriousness of the students enrolled in PC4. According to Professor Brad “the broad
spectrum of skill levels really raises the inhibition level of a significant portion of the
members of the class in asking questions.” He states that he “can see people just lock up
when they’re confronted with something really hard [in class]; there is this very strong
inhibition: ‘I don’t want to look stupid in a class of 60 people.’”
He also notes that “these are serious students who are midway through their
career or their undergraduate trajectory. This is a make or break thing.” Professor Albert
confirms: “the students have already made it through these huge weeder courses and they
hit this course that’s like nothing they’ve ever seen before.” Giulia’s sentiments are
consistent with the course instructors, “I think the biggest thing that I’ve realized is that
because it’s for upper classman, juniors and seniors, these are people who are trying to
finish a degree or who actually care about what they’re learning.” She also says that
because “they are serious students... they want to understand it as opposed to when
you’re a freshman in general chemistry you might just be trying to get by and prepare for
class and this is just different.”
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Students in the class note their appreciation of the complex subject matter - as
Tyler said, it makes sense that the class is this difficult “because quantum physics really
takes years to understand no matter how well you do in class.”
Use of resources: “It is incredibly helpful”. As students traverse the academic
landscape from their first year to their last they learn about their environment and what it
has to offer them - both in and out of the classroom. As Professor Albert explained “at
some point they need to avail themselves of resources to get them over the academic
hurdles.” Professor Albert is quite clear that PC4 is an academic hurdle. Professor Brad
agrees that this course is a challenge for most students. “I made the point to the people in
the class that the material that we’re talking about here is something that the best student
is not really going to get the first time around.” The maturity to take advantage of
available resources was supported by Tyler’s observation that “the top kids go [to SI]
because they’re conscientious and the kids who lag behind really want to go -1 think it’s
a good program.” The opportunity to struggle with new material in a community of their
peers who are also struggling provides a safe place to wrestle with the difficult material.
The SI sessions associated with PC4 are generally well attended; this attendance
pattern seems to reflect the students’ appreciation for this resource particularly when
considering the difficult course material. Professor Albert, reflecting on the fact that the
students enrolled in PC4 are generally in their third or fourth year as an undergraduate,
suggests that the students “are mature enough to know that SI exists and that it’s a terrific
resource.”

He further acknowledges that the students may find themselves surprised to

be seeking an academic resource with such enthusiasm. “The thing that’s interesting
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about PC4 is that it hits the students when they are mature enough to exploit SI...It hits
them in a way that makes them get off their butt and exploit it.”
Several of the students who admit to being well prepared and not overly intimated
by the study of physical chemistry also admitted to participating in SI sessions either
because they were stuck on a homework problem or wanted to better understand a
complicated concept. As Frank said, “it’s not a class that you can just go to the
lectures.. .1 guess the material is just difficult for most people. I really needed to take
advantage of as many opportunities to get help as I can.” Tyler confirmed the
appreciation of knowing SI was available for PC4. “I would say I went regularly in the
beginning - like the first three. Then I would go to one here and there when I had a
particular problem with the homework.” Frank also stated that he went to SI sessions
because of “difficult questions with basically homework problems or material that we
went over in class that I couldn’t quite understand.”
Although Giulia had been employed at CAR and although she was well aware of
the resources at CAR and around campus she acknowledge that “physical chemistry was
the first SI I went to. It was incredibly helpful.” She reported that when the course began
she realized “it was very overwhelming. We got this first homework set...and [SI]
looked good.” She frequently attended the SI sessions throughout her enrollment in PC4.
Tyler stated that although he had gone to one SI session for general biology he attended
the PC4 SI sessions frequently - in spite of his strong mathematics background. “At a
big school it’s definitely a good thing. People should take advantage of it - people
should care enough to do it.”
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Discussion and Analysis of Student Characteristics
Students do confirm their willingness to take advantage of academic resources.
They also appreciate the value of working through difficult material in a group, led by an
experienced student. Participants in this class frequently refer to the fact that a number of
their classmates are known to them from previous science classes and that they have
occasionally struggled through labs together. They have struggled with their colleagues
before and are willing to do so here. Students in PC4 tend to be aware of available
resources and frequently expressed their appreciation for SI in this course. The cycle of a
barrier course continues through this stage of students dealing with the academic
challenge of PC4.
Professor Albert is quite convinced that the fact that all students enrolled in PC4
are generally in their third year of study at a university and committed to their studies
contributes significantly to the number of students who attend the SI sessions for that
course. These are serious students accustomed to working hard and doing well. This is
possible in PC4 but for most it requires taking advantage of resources. Professor Brad
firmly believes that because these are students accustomed to doing well in class they
prefer the safety of their peers to practice with the difficult material as opposed to the
potential for or at least the perception of judgment by the authority, the course instructor.

Supplemental Instruction - An Academic Resource
It has been noted that achieving students are apt to take advantage of available
resources (Astin, 1975). Difficult courses are apt to push students in to seeking the
available academic resources. Instructors acknowledge the difficult courses and support
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students in this direction. All respondents talked about the value of SI in PC4. The
factors noted regarding SI and PC4 are: the reduction of student anxiety; the support of
student learning of complex course content; and the academic resource fits students’
needs.
Reducing Anxiety: “Just knowing it’s there just really helps”. Everyone who
discussed their experience in PC4 referred to the reputation of PC4 and the anxiety this
reputation raised preceding enrollment. According to the course professors there is stress
throughout the semester of study as well. SI is noted as a way to reduce this stress and
support academic success.
Although Professor Brad consciously works at reducing the stress level in the PC4
classroom he believes it is SI that actually promotes reduced stress. He said that “if I
could do one thing, which I think SI really helps a lot in this class, is just lowering the
anxiety level.” He further added that “it gives them an opportunity to talk to somebody
who has been through this experience and where the stress and inhibition goes
down.. .They’re not talking to a professor ... who they perceive is making some kind of
judgment about them”.

He thinks the informal comfortable smaller peer group setting

contributes to the popularity of SI in PC4.
He also believes that the range of academic preparation of the students enrolled in
PC 4 contributes to this stress: “.. .one of the things that... makes SI so important is that
the broad spectrum of skill levels really raises the inhibition level of a significant portion
of the members of the class in asking questions.” SI also provides an “outlet to get
homework problems done, or think about stuff and just knowing that’s there just really
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helps a lot.” Giulia acknowledges that support with homework assignments made the
difference for her.
What happens in PC4 is that the problems he assigns as homework are taking
what he lectures about in classes - you will have to apply it somehow to do these
questions. And that is a very hard skill with material that is so advanced as
physical chemistry is.

A safe place to get help with complicated homework was heard often as a reason
for attending SI sessions. Bob followed several of his friends to an SI session. “Just
sometimes the homework is not going to be an easy thing to do so you have to find extra
help to help you with the homework. Also prepare you for the exams.” He attended SI
sessions for PC4 but rarely for other courses. “In PC4 it was somehow better - it was
very helpful.”
She also believes that “students explaining stuff to other students is so helpful like maybe you were stuck the same way and how did you get out of that and what finally
clicked that the teachers just completely missed.” This sentiment was repeated
frequently. Jody thinks that SI is important to her peers because “you just get a chance to
talk to somebody that’s already taken it. Someone was there and has done the
homework, knows what problems you might come across and then can just relate.”
Frequent comments were made regarding the setup of the SI sessions. SI sessions
meet two times each week at regularly scheduled times. The schedule is determined by
the students polling slips and leader and space availability. Students noted that the 75minute duration of the sessions was just long enough to work through the difficult
concepts and/or problems from the weekly course work but not long enough for a review
of all of it. This was seen as a benefit because it required students to do some preparation
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prior to the SI sessions. As Jackie said “it’s just enough time to cover the point.”
Vladimir expressed a common opinion that although the SI sessions averaged twenty-five
to thirty students per sessions participants felt that Giulia
maintained enough control over the group that it was an instruction session but
there was enough flexibility to ask questions and everybody got a turn to speak
and so it wasn’t like a lecture where you had to raise your hand but there was still
some structure to it.

Jackie reflects the student perspective: “It’s good because this is an overwhelming
setting and such an overwhelming amount of subjects and sometimes you need individual
help and sometimes you don’t want to go to a professor.” The complexity of the course
content also leads to students’ appreciation of SI.
Supporting Student Learning: “It’s kind of putting it all together”. It has been
noted that the application of mathematics to chemistry is a core component in the study
of physical chemistry. It is this component that is frequently cited as a major difficulty in
academic achievement in PC4. This fact seems to encourage attendance at SI sessions.
Professor Albert thinks
that SI is good because it provides a platform to fill in the holes with respect to
math. I think it’s good because I think students just invariably feel a little bit
more comfortable about going to see another student for help than to come to me
for help.
Frequent comments were made about the complication of subjects that comprise
physical chemistry - in addition to the mathematics. Professor Albert believes that it is
the combination of subjects, including the mathematics that makes SI so appealing in
PC4: “So the chemistry that we study is relatively simple but the physics and the math is
not. And so in SI people spend the majority of their time talking about the physics and
the math but also trying to shed light on the transitions.” He also states that PC4 “is a
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course about the synthesis of these three strains” - the strains of mathematics, chemistry
and physics and a significant complication in the study of physical chemistry is learning
to transition between these strains.
The usefulness of SI in understanding how to put all the parts together is echoed
by Giulia. She reflected frequently about how helpful SI was to her when she was
enrolled in PC4. Employed as a tutor during the 2005-06 academic year Giulia made
sure that her schedule allowed her to participate in the PC4 SI sessions. She stated that
What’s nice about the SI and what I do now is just kind of point people in the
right direction. I just kind of clear things up because I think the main point of
confusion, sometimes is even what he’s asking or how to start. It’s not that they
don’t know what to do, because they’ve learned that, because they have been
given all that information, but it’s kind of putting it all together.
Academic Resource: “In this class you need it”. Participants in PC4, both
students and instructor, reflected on the match between the challenge of academic
achievement in PC4 and the benefits provided by SI. The combination of factors noted
and the opportunity to be guided by a knowledgeable peer seems to provide a resource
that meets students’ need.
Jackie feels that sometimes it is difficult to understand the explanation of concepts
in class “so sometimes in PC4 the SI session helps break it down to the basics of the
questions, because some of the questions are very overwhelming.” The importance of SI
in this and possibly other upper level courses was heard repeatedly. Tyler suggested “It’s
not like some classes that you can breeze by it - but in this class you need it.”
Professor Brad’s general sentiment about the usefulness of SI in PC4 is summed
up here:
It’s all kinds of stuff all thrown together. And so it’s a very interesting challenge
for an instructor to try to present it in a way that makes some sense, something

65

that they can connect to ..the role of SI here is that they just know that three
lectures a week is just not enough, you know, go home and process that and then
go to the SI session and I think for most good students it just helps assimilate all
that. It just re-processes it a different way.. .there’s that different voice.
Professor Albert is also an enthusiastic supporter, “I’m just extremely pleased with it and
I think it’s a terrific program.”
Hearing the complex material in a different voice, particularly by a peer, was
heard often in interviews. Bob stated “it’s good to get a different perspective.” Vladimir,
along with other students, noted that “once people have participated [in SI] I think they
would keep participating in it. Over all I thought it was very good.” Although Jody
attended only one SI session she emphatically concluded “I do think the SI is important I definitely think it’s worthwhile.”

Discussion and Analysis of Supplemental Instruction in PC4
The particularly difficult subject matter and the perceived benefit of participating
in SI has resulted in the noted attendance pattern in the SI sessions of PC4. All but six
students in the fall 2006 cohort of 56 students attended at least one session of SI; seven
students attended only one SI session. Jody is one of those who only attended one
session. She simply does not struggle the way many of her colleagues do; she is
enthusiastic about the challenge of PC4. Her appreciation for the exciting challenge of
the difficult course material is not shared among her classmates. Regardless of her
enthusiastic attitude about the challenge of PC4, she is equally enthusiastic about SI. She
willingly admits not wanting to consider PC4 (or organic chemistry) without SI.
The anxiety that this course generates has been amply noted. SI gives students
the opportunity to work with difficult material in as many ways as they desire to reduce
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this anxiety - both by increasing their time on the task in a supported environment and by
the opportunity to process the difficult course material with their peers. Students
frequently commented on SI as the perfect place to get help with complicated homework.
Because a number of these students were known to each other from previous science
courses they basically followed each other to an initial SI session; most students repeated
visits throughout the semester. Students were clear that they considered SI to be
extremely valuable. Students who did not attend SI sessions frequently were as
supportive about the benefits of SI, particularly with regard to PC4, as students who
attended more frequently. In all cases students were glad it was available to them. PC4
is clearly considered an academic hurdle - SI provided the necessary support for their
academic achievement thereby allowing them to persist in their science major.

SI Attendance and Grades
Professor Albert is the only Professor at FSU who has taught PC4 both with and
without SI. When asked if he noticed a difference between the classes he replied that
although no two classes are actually alike there were two obvious differences between the
last year without SI and the first year with it. One difference was the reduced frequency
that students came to his office hours. The other difference was the amount of students
who received the grade of A. “In general I’ve tended to give roughly ten per cent of the
class As. That’s kind of the ball park, so in a class of fifty there’ll typically be about five
As. But the last year there were twenty-five [out of fifty-six enrolled students]!”
Attendance patterns at SI sessions for PC4 are a clear indication that students find
this a valuable resource. Whether or not this resource actually contributes to improved
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academic performance is not as clear. The grades from PC4 fall 2001, Professor Albert’s
last semester teaching this course without the support of SI was compared to PC4 fall
2003 and 2004 which he also taught. The grades from PC4 2001 were also compared to
PC4 2005 and 2006 which were taught by Professor Brad the current PC4 instructor at
FSU. The homogeneity of variance assumption is satisfied so we can assume that the
same variety will be present in each population. The population of scores from each
semester was entered as populations in a One-way Analysis of Variance (ANOVA) to
test for the differences between the groups. Results of these planned comparisons
indicate that differences in grades with and without SI, regardless of instructor, are
statistically significant. These findings demonstrate improved grades defined as an
increase in the grades of B and better, with the inclusion of SI. Professor Albert’s report
of the higher scores on examinations and homework assignments throughout the semester
corroborate this statistic. The improved distribution of grades without the inclusion of SI
in 2001 and with in 2006 is demonstrated in the table below. Although these grades
reflect two distinct although similar class cohorts the relative improvement in grade of B
or better is notable.
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Grade Distribution
Physical Chemistry (PChem 475)

30
25
20
15
10

-rlfeTIF
Fall 2006
(N=58)

Fall 2001
(N=56)

Table 2. Grade Distribution in PC4 2001 (no SI) v. 2006 (with SI)

At FSU, not unlike other colleges and universities, attendance at SI sessions is
voluntary. Students are free to attend whenever they chose. SI leaders are trained to
begin SI sessions responding to students’ questions and to prepare worksheets with
strategies for learning the difficult course material. Peaks in attendance are an obvious
reflection of preparing for examination or completing a difficult graded homework
assignment. CAR staff noted that there are some courses that seem to have steadier
attendance patterns than others. A comparison of attendance patterns of courses along
the chemistry continuum illustrates this point. The table below reveals the increase in the
average percentage of students who participated in SI for general chemistry (Chemistry
100), organic chemistry (261) and PC4.
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SI Attendance - %of Enrollment
Fall 2006
50%
45%
40%
35%
30%
25%
20%
15%
10%
5%
0%

General
Chemistry

Organic
Chemistry

Physical
Chemistry

Table 3. Average SI Attendance
Students enrolled in PC4 were given an in class survey during the next to last
week of the fall 2006 semester (see Appendix B). They were asked whether or not they
attended any SI sessions and if not, why not. If they attended any sessions they were
asked whether they were helpful and if they believed that attending SI sessions was
helping them obtain a better grade. Thirty-seven surveys were returned; of those, 32
attended at least one SI session, 30 students attended at least two sessions. Five students
indicated that they had not attended any SI sessions; only one of those students reported
that they didn’t feel they were necessary. The remaining four students had time
constraints that precluded their attendance at any SI sessions although they were
interested in attending. Only four students who reported attending at least one SI session
did not believe that attendance improved their grade; only two students reported that the
SI sessions were not helpful to them.
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Attendance patterns alone suggest that students enrolled in physical chemistry,
PC4, appreciate the value of Supplemental Instruction, SI. The statistics that describe the
differences between the several semesters assessing grades confirm what a professor
noticed and students indicate - SI is an appreciated resource.
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CHAPTER 5
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
This chapter summarizes this case study which is an examination of the perceived
effectiveness of Supplemental Instruction in Physical Chemistry, (PC4) an upper level
chemistry course. The summary, conclusions and recommendations are included.

Summary of the Study
More students enter colleges and universities declaring their major field of study
to be in a science discipline than graduate with bachelors’ degrees in one of these
disciplines. Many of these students are retained at the institution, but not in a science
discipline. This lack of persistence in one of the science disciplines is a personal as well
as national concern (Seymour & Hewitt, 1997). Institutions of higher education have
invested resources into developing programs to improve retention. One popular
academic program is Supplemental Instruction. Developed to improve retention
(Widmar, 1994) this program is considered here as positively contributing to improved
persistence, specifically in the sciences.
This study examined the use of this program in an upper level chemistry course
that has a reputation for being an academic hurdle or barrier to achieving students at a
research/extensive university.
The purpose of this study was to explore students’ perception of the benefit of SI
in promoting academic success in this academic barrier. The objective was to provide an
opportunity to better understand students’ perceptions of a program that has the potential
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for improving the rate of persistence in science disciplines by addressing academic
barriers or hurdles.
At FSU as well as many of the other institutions that employ Supplemental
Instruction programs, it is frequently utilized in introductory courses. Student requests
led to pilot the inclusion of SI in more advanced science courses at FSU. When SI was
provided in these courses attendance at sessions was frequently 40% of the enrolled
students -a clear indication of students’ interest in these sessions. Therefore this case
study explored the use of SI in a physical chemistry course (PC4), a course that is
approached with dread by students generally in their third or fourth year as an
undergraduate with a major in Chemistry, Chemical Engineering, or Biochemistry and
Molecular Biology.

Research Methods
Qualitative methods as described by Yin (1994, 2003) and Merriam (1998)
formed the theoretical basis for this case study. According to these authors case studies
are “a special kind of qualitative work that investigates a contextualized contemporary (as
opposed to historical) phenomenon within specified boundaries” (Hatch, 2002, p. 30).
Further a case study includes the use of the multiple data sources that may be available
which makes it well suited for examining academic programs (Merriam, 1998). This was
the most appropriate method for this study which explored students’ perception of SI as a
possible way to improve persistence in science disciplines.

73

Data Sources
Interviews provided the most important data source for this study. However,
triangulation was achieved through a review of multiple sources: course grades; SI
attendance records and course grades; survey; and document review (Miles & Huberman,
1994). Information obtained from the various sources was often the same or similar.
Interviews. Interviews were conducted during the fall 2006 semester and focused
on participants’ experience as a science major in general and with (or without) SI
specifically. Interviews were conducted with 6 students enrolled in PC4, PC4 instructors,
both past and present, and the current SI leader. The interviews were guided by a set of
interview questions consisting of several closed questions to provide context for the open
ended questions that followed. The interview questions (Appendix A) were generated by
the case study protocol as determined by the research design (Yin, 1994). The interviews
provided a view of PC4 from various perspectives - students, teachers, and SI leader.
The SI leader provided her experience and perception as a student enrolled in PC4 the
previous academic year and her vantage as the current leader; Professor Albert provided
his experience teaching PC4 both with and without the inclusion of SI. There was
similarity and consistency between and among interviewees. The average time for each
interview was approximately one hour.
Focus group. A focus group of 6 students enrolled in PC4 was arranged to begin
to understand students’ experiences regarding PC4. It also helped identify students for
more in-depth interviews. A spontaneous focus group evolved towards the conclusion of
the semester. At the end of the year celebration at CAR a group of 6 students met with
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the researcher and talked about their experience with PC4 over the past academic year.
This provided an opportunity for member-checking and a review of findings.
SI Attendance Records and Grades. SI attendance records provided a quantitative
source confirming students’ participation at SI sessions. Semester grades for the
semester prior to the inclusion of SI in PC4, fall 2001, and the subsequent fall semesters
with its inclusion, 2003, 2004, 2005 and 2006, were compared.
Survey. A survey was given to the PC4 class asking questions regarding their
participation and experience, or not, with SI. The survey results for the fall 2006
semester are reported here (Appendix B).
Document Review. Document review was used to corroborate and supplement
the information obtained from the other sources (Yin 1984). The documents were helpful
in providing background information. Documents were reviewed that: detailed the
physical chemistry course; majors requiring this course; professors’ background and
previous work; the FSU Guide to Undergraduate Programs; and CAR SI leader training
materials.
Data Collection and Analysis
According to Merriam “a case study is an intensive, holistic description and
analysis of a single, bounded unit” (1998, p. 193) and that the most important
consideration in analyzing the case study data is conveying an understanding of the case.
She further states that in order to accomplish this, management of the multiple data
sources is critical.
Case Study Data Base. According to Yin (1994) the organized material gathered
during the research of the case defines the case study data base and is used for
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preparations of and is different than the case study report. The data base for this case
study includes all notes, transcriptions of interviews and documents. Researcher’s notes
made both in preparation for and reflections of interviews are also included as are records
of course grades and SI attendance records from the relevant semesters.
Data analysis occurred simultaneously with data collection by means of constant
comparison (Glaser, 1967). “Data analysis is a process of making sense out of data”
(Merriam, 1998, p. 192). After reviewing notes all the material in the case study data
base themes, or factors began to emerge and notes were added to the data base sorting
information around these factors.
Confidentiality. All students enrolled in PC4 at FSU during the fall 2006
semester were aware that the director of CAR was collecting data regarding students’
perceptions of SI and this class. Interviewees signed a Consent for Voluntary
Participation form; names of participants, programs and institution are pseudonyms.

Authenticity and Trustworthiness
According to Miles and Huberman the authenticity of a study is evidenced in its
“truth value” (1994, p. 278). Truth value refers to the accuracy of the information
presented; that is, whether the case study participants would find the results credible.
Similarly “internal validity deals with the question of how research findings match
reality” (Merriam, 1998, p. 201). The researcher is director of CAR and noted the
increase in attendance patterns when SI was associated with increasingly difficult
courses. Kareem’s request to add SI to physical chemistry was one more opportunity to
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explore this phenomenon. The redundancy between interviews supported the validity of
the information.
Triangulation, obtaining different types of information from various sources,
further contributes to the validity of the study results. All sources involved in SI in PC4
were researched. Improved course grades noted when SI is included in PC4 is consistent
with the instructors’ and students’ perceptions that performance was enhanced. Member
checks with participants, including a review of the information obtained during the
interview process, further confirmed response results.

Limitations
It is not possible to generalize from one case example. In fact Merriam (1998)
queries whether it is actually possible to generalize from qualitative research in general,
and from case studies in particular. Comparing multiple case studies or multiple samples
within one case are probably the most effective means of obtaining a sense of external
validity. As has been noted, there is no certainty that other students in other courses at
other universities would respond similarly. There is no way to neither control for the
characteristics of enrolled students nor generalize from this relatively small sample size.
While this one case does not allow for generalization regarding the benefits of SI
for all academic barriers, the consistency of data between and among data sources does
seem to support the idea that SI provides a positive benefit for academic achievement
even in upper level courses. Further, barrier courses may vary across institutions.
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Results of the Study
Analysis of data collected indicates that there are four critical factors relative to
the use of Supplemental Instruction in the study of physical chemistry: 1) anxiety and/or
apprehension preceding course enrollment; 2) course content; 3) characteristics of
enrolled students; and 4) nature of academic resources.

The Setting
The setting for this case study was the fall 2006 physical chemistry class (PC4) at
Flagship State University (FSU), a research/extensive institution (Carnegie Foundation
for the Advancement of Teaching, 2000). The Center for Academic Resources (CAR),
located in the center of the FSU campus, provides peer tutoring and Supplemental
Instruction (SI) for many of the courses that are traditionally considered difficult
according to professors and students. SI was offered in conjunction with PC4 during the
fall 2001 semester at a student’s request. The CAR director, and the researcher of this
study, noted that the SI sessions for PC4 were generally well attended and attended by
more than two-thirds of the enrolled students. This seemed to be substantially more
students than frequently attend SI sessions in the more introductory level courses where
SI is generally offered.
Respondents. The respondents included students enrolled in PC4 during the fall
2006 semester at FSU. The SI leader and the current and former instructors of PC4 were
interviewed as well. All students enrolled in this course during this semester were
informed of this review and throughout the semester the students willingly spontaneously
spoke with the researcher about their experiences with this course and their perceptions
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of SI. As noted the researcher is director of CAR and therefore well situated to engage in
these conversations with the students. Interestingly the students enrolled in PC4 were
more than willing to be interviewed but less interested in participating in a focus group.
As a result only one focus group was convened; 2 of the students who participated in the
focus group were interviewed in depth as well as 4 other students.

Pre-enrollment Anxiety
Students are often aware of the relative degree of difficulty of many courses; all
students interviewed expressed some degree of anxiety about PC4. Sentiment ranged
from cautiousness to full-fledged anxiety about PC4 prior to their enrollment in the
course. Most students repeated stories they had heard about this course. Stories came to
the students from a variety of directions, family, friends, academic mentors, and others on
campus. All stories highlighted the horrific difficulty of this course. Several stories
referred to individuals who had changed their major field of study so that PC4 would not
be required.
Because this is a required course for 3 academic disciplines or majors and because
it is relatively well-known for its difficulty course instructors are aware of the anxiety
students feel when they walk in the classroom. They believe that this anxiety and the
related stress are partially responsible for the popularity of SI in this course. The SI
sessions provide a safe place and an experienced undergraduate colleague to help with
the to struggle to learn the difficult course material. The reputation of this required
difficult generates the anxiety associated with the cycle of an academic barrier.
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Course Content
The study of physical chemistry is a combination of chemistry, physics and
mathematics. Mathematics is reported as the cement that holds the pieces together and
the subject matter that seems to provide the greatest challenge. The initial notion was
directed at providing support for the mathematics of PC4 through the SI sessions. This
did not happen the first semester of SI in PC4 nor has it happened any time since. It
seems that it is not only the difficulty of the mathematics that is demanding; transitioning
between the sciences to understand the concepts that comprise physical chemistry is at
least equally exigent. Referred to as ‘conceptually rich’ the study of physical chemistry
is a challenge to teach as well as to learn according to the course instructors.
Academic support programs are most effective when connected to the classroom
experience (Tinto, 2005). Including SI in PC4 provides a non-threatening environment to
manipulate intimidating material. The first semester SI was offered in PC4 the CAR staff
frequently remarked on the seemingly high attendance rate at those sessions; often there
was a larger group for SI in PC4 with 55-60 students enrolled than in other classes such
as general chemistry with several hundred students enrolled. Students are quite clear that
SI improves their understanding of the difficult course material of PC4.

Characteristics of Students
Students required to take PC4 are Chemistry, Chemical Engineering, or
Biochemistry and Molecular Biology majors. They define themselves as serious students
and their instructors refer to them similarly. Generally students are in their third or fourth
year of study when they enroll in PC4. They have developed an awareness of available
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resources and indicate that they are focused on doing well in this course and therefore
willing to take advantage of all available resources. Professor Albert reports that
students came to his office seeking help in understanding PC4 course material less once
SI became part of his class; it is clear that the students appreciate SI. They report that
this provides what they need - an opportunity to ask questions and work with the
material.
As students develop through their undergraduate years, becoming more mature
and autonomous while recognizing the benefit of interdependence, they tend to seek out
the resources that are most appropriate for them (Chickering, 1993). Students working
together to solve complex problems and to improve their understanding of difficult
course material is the heart of SI. It combines the collaborative and problem-based
learning that has proven effective in promoting student knowledge (Tinto, 2005). SI
provides a well-organized arrangement to do just that at a time when students are wellpositioned to take advantage of this resource.

Supplemental Instruction in Physical Chemistry
Supplemental Instruction is designed to boost the learning that begins in the
classroom. It provides students the opportunity to manipulate difficult course material
with an educated peer. Students have a chance to “work through difficult material,
develop effective thinking and processing strategies, and benefit from the synergy of a
group working together to solve problems and more effectively engage with difficult
material” (Hurley, 2006, p. 21). Students were consistent and clear - this is a valuable
resource.
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Students reported being in other classes that had SI associated with them. Their
previous participation in SI sessions ranged from acknowledging its presence and
occasionally attending sessions to their more frequent current participation in PC4 SI
sessions. PC4 instructors recognize the value of SI in this course. The difficult subject
matter is complicated by the range of students’ preparation. Although all students must
complete the same perquisites prior to their enrollment in this course, many of their other
courses are dissimilar. The chemists, not surprisingly, have an easier time with the
chemistry concepts but find integrating the mathematics particularly difficult - for the
chemical engineering students the situation is reversed. Attendance patterns indicate that
SI provides a safe environment with a knowledgeable guide to improve their
understanding of the concepts of physical chemistry. Course grades confirm students’
belief that SI improves academic achievement in PC4.

Summary of the Results of the Study
The purpose of the study was to explore the students’ perception of SI and
whether it provided the necessary support for academic achievement in a physical
chemistry course (PC4). A single case descriptive study methodology was used to
explore all aspects of the students’ perceptions of this program during the fall 2006
semester. A focus group and six one-on-one interviews with enrolled students as well as
the SI leader, and both the current and former course instructors provided most of the
data. Course grades and SI attendance records further confirmed the students’ positive
response to SI. Four factors emerged from the data as being critical regarding PC4 and

82

SI: 1) anxiety and/or apprehension about the course; 2) difficult course content; 3)
characteristics of enrolled students; and 4) nature and benefit of available resources.
The cycle of an academic barrier is initiated and perpetuated by the anxiety
associated with this course. According to interview data this anxiety is instigated by the
forewarning students receive about the course and continued as a result of the difficulty
they encounter when enrolled. SI sessions are reported to reduce the anxiety. Professors
appreciate that students have an opportunity to hear the complicated material again - in
the voice of a peer who has recently struggled with the information and achieved
academic success. Students appreciate the opportunity to struggle collaboratively with
the difficult material in a safe peer-supported environment.
The PC4 SI sessions are consistently relatively well attended and demonstrate
students’ appreciation of this program. Students who report not having attended SI
sessions in courses they had previously taken expressed an enthusiasm for SI associated
with PC4. Students enrolled in this course typically identify themselves as serious
students. These students were quick to express their understanding of the value of SI in
this course. Even students who did not regularly attend SI sessions expressed
appreciation for the program and grateful to be able to participate when they chose. Final
grades in PC4 have improved with a greater number of students receiving a grade of B’s
and better since the inclusion of SI.
This course is a challenge for both instructor and student.

Physical chemistry is

a combination of chemistry and physics - the combining agent is mathematics.
Understanding the difficult material is further complicated by the mathematical
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manipulations required. The SI sessions provide a safe environment and a
knowledgeable guide to work through the conceptual rich material.
SI was initially offered in PC4 at the request of a student who was experienced
with both the SI model at FSU and PC4. The students who are required to take PC4 are
generally in their third or fourth year of study (juniors or seniors) and are considered
serious students. They are accustomed to studying difficult science material; they are
also accustomed to achieving academically. This course has a well-established reputation
as an academic hurdle or barrier and is well represented in the cycle of an academic
barrier.

Conclusions
Research Questions
This study asked: 1) why students in PC4 participate in SI and what factors
influence this decision; and 2) is SI an effective strategy in supporting persistence in
SME majors. Through participant interviews, document review and a comparison of
course grades in PC4 with and without SI it students perceive SI as positively
contributing to academic success in PC4. They report apprehension when they consider
PC4 and often throughout their enrollment. They further report that SI is an effective
way to deal with the anxiety while they are enrolled in the course. This is often a factor
in their decision to attend the sessions.
It does appear, according to interview data and improved grades, participation in
SI contributes to academic success and therefore persistence through this difficult course.
Students who participated in SI in PC4 were enthusiastic in their appreciation for this
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resource. They expressed interest in its availability for other difficult courses along their
academic trajectory. This may suggest that SI could contribute to improved persistence
in SME disciplines.
Conclusions
SI is now available in at least 13 countries; faculty and staff from more than 1000
institutions have participated in SI Training Workshops at the University of Missouri
Kansas City home of the International Center for Supplemental Instruction according to
their website (www.umkc.edu/cad/si). A course supported by SI includes an SI leader, an
undergraduate student who had already completed the course. The leader attends every
class meeting and provides twice weekly regularly scheduled review sessions.
Frequently this support is offered in introductory, first and second year courses.
According to Vincent Tinto
Supplemental Instruction, for instance, provides academic support that is directly
attached to a specific class in order to help students succeed in that class. As a
support strategy, it is most often used for key first-year “gateway” course that are
foundational to course work that follows in subsequent years (2005, p. 323).

There has been meager mention in the literature about the academic barriers that students
face throughout their undergraduate career. According to Seymour and Hewitt (1997)
students become aware of the ‘weed-out’ or barrier course either because it is referenced
as such by a member of the faculty, it is discussed by students, or it is taught at a level
that favors the most advanced students. It is clear that ‘gateway’ courses actually occur
throughout the undergraduate journey. Just as SI has been shown to positively influence
students’ academic achievement consistently in first-year courses over the past 30 years it
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can positively contribute to academic achievement in the very courses that make it
difficult for students to persist in their chosen discipline.
SI is a highly effective academic support program. “This model, which has been
used for more that thirty years, still yields strong results in student learning, higher final
course grades, and lower DFW rates across disciplines, types of colleges, and student
ethnicities”(McGuire, 2006, p. 21). As students progress through the academic
continuum of their undergraduate years they hit academic barriers or hurdles along the
way. Occasionally these barriers are enough to derail students.
It seems that the perception of a barrier can begin before the student ever enters
the classroom. The reputation of a difficult course precedes a students’ enrollment and,
as been noted, can even dissuade a student from ever entering the classroom. Students
who have familiarity with the SI program may anticipate participating in SI in the barrier
course whether or not they have ever participated in an SI session related to previously
taken courses. The relief of its presence can be enough to convince a student to at least
enter the classroom. This study suggests that the cycle of an academic barrier can
interrupted by a well-received academic program as noted in Diagram 2 which depicts
the process through an academic barrier.
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Figure 2. The Process Through an Academic Barrier

Legend:

= input/output

Note: Anxiety cycles before as well as throughout the course
Opportunity to change decision indicated by broken line

= action
= decision
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The process through an academic barrier begins and ends with students.

When

the reputation of a course instigates anxiety and that course is required or otherwise
important for a student’s continued academic progression, a hurdle or barrier is
perceived. The unique skills and attitudes of a student contribute to the expectation of a
course as well as their ability to succeed. In a course perceived to be as difficult as
physical chemistry, students report a level of anxiety throughout the semester. The
expectation of difficult course material is confirmed throughout the semester. Students
report that academic resources, particularly SI, abate anxiety and support academic
success for those who participate. SI participation is completely voluntary and students
are able to decide to participate in SI throughout the semester. Students suggested that
participation in SI positively contributed to their academic achievement in PC4. It
provided a safe environment and peer support in the course, breaking the cycle of an
academic barrier.

Recommendations
The following recommendations are geared toward Flagship State University
given considerations of transferability as previously discussed. However, institutions
currently employing the SI model can easily pilot the incorporation of SI into at least one
upper level class. Attendance patterns are a clear indication of students’ appreciation of
the support. Given that attendance at SI sessions is voluntary, the only benefit in
attending is the possibility of becoming increasingly competent in a particular subject.
Courses that have a reputation for being difficult and are required for continuation in a
discipline occur throughout an undergraduate career. SI provides support for the course
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instructor and students; the SI leader becomes increasingly proficient in course content
important for their own continued academic progression. A first recommendation is to
explore additional barrier courses with the intent to include SI. Anecdotal evidence at
FSU indicates that professors and students can enumerate the courses considered barriers.
Findings from this study suggest that Supplemental Instruction in courses considered
academic hurdles can support students’ persistence in their chosen field of study. It is
suggested that an annual review of courses that students and instructors consider to be
barriers dictate the priority of courses to receive SI support.
Further consideration should focus on whether this academic support provides
long range benefits as well as achievement in a particular course. Many of the students in
PC4, for example, anticipate continuing their academic careers in graduate school. It
may be useful to explore if the SI experience struggling with advanced difficult course
material provides a stronger foundation for continued advanced work.
It is recommended that policy decisions regarding retention efforts should be
based on research of the programs that support retention. Program planning should be
based on this information as well. As campuses continue developing these academic
programs “particular emphasis should be placed on the collection of research studies on
retention that individual colleges and universities ...have conducted to understand student
retention” (St. John & Wilkerson, 2006, p. 31)
Additional recommendations for future research relate to student development.
Research regarding the upper-level students’ self-identity as competent students willing
to seek assistance may contribute to further understanding about how to support first and
second year students as they struggle to become competent autonomous university
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students. This study indicated that students were in a place along the developmental
continuum to take advantage of whatever resources were available to them. Helping first
and second year students understand the importance of available resources would
certainly be beneficial. Further study of the benefits of SI to students could inform future
program development.
A number of the students indicated that, because they were in their third or fourth
year of study and had been in the same major for that period of time they knew many of
the students in the class. Seeing students who are known to be academically achieving
attend SI sessions is a draw to others who might not initiate attendance at an SI session.
The implication of cohort identity is also an area for additional research suggested by this
study.
Next steps as a result of this study are to continue exploring ways to provide
academic support programs that address students’ needs before the barriers interfere with
their progress.
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APPENDICES
A. INTERVIEW QUESTIONS

Why are you taking Physical Chemistry?

What was your expectation/anticipation of this course?

Have you attended the SI sessions for this course? If yes, how many? Why?

What was your motivation for attending these sessions?

Please discuss the SI experience in Physical Chemistry (including the leader, the design
of the sessions, outcome).

Have you attended SI sessions associated with other courses? Why or why not?

If you did not attend any SI sessions for Physical Chemistry - why not?
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B. SURVEY RESULTS
Fall 2006
Course Name: PCA
Professor: Brad
SI Leader: Giulia

Number Enrolled in Class: 58
Number of Surveys Retuned: 37

If attended an SI session 1. How helpful were the sessions to you?
Not helpful
2
4

Very helpful
24

2

2. What grade do you expect to make in this course?
A
AB
B
BC
8
16
8

D

F

3. Do you th ink attending SI sessions will help you get a better grac le?
Yes
No
22
4
4. How many sessions did you attend?
1 to 2
3 to 5
6
7

5 to 10
16

10 or more
2

If did not attend any SI sessions 1. Reasons didn’t attend any sessions:
I wanted to but couldn’t. The session conflicted with work or other
1
classes.
2
I didn’t feel it was necessary.

2

I have been to similar kinds of study sessions for other courses and did
not find them helpful.
I have been to SI sessions for other courses and didn’t find them
helpful.
I intended to but couldn’t find the time.
Other:

2. What grade do you expect to make in this course?
B
AB
C
A
1
1
1

D

3. Did you fill out the time schedule questionnaire?
Yes
No
Can’t Remember
2
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